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Vi 011«1..1.\ .l")'~"s t._ ..... ,.

,(1 thO:-it' "hich nre Illu;::,t
OU the map ill fi;:;ure,.

\"er, to gi \ e the e]e\"atioll of
rea mnpped, to deliueale the

. or eou tour, uf all ,lojJt~, and to
ade or "e!rr~e of 'teepnes... Thi<

- connectill<; point, uf e'jua] tic' ;i
taD sea le\ pI, the liup.., being tlnn\ n

vertical iutl'lTnls. The...p lines are
/(hO'", alld tuP uiliform ,eIti"n] spnce

~!1ch two ('outour::; i:-i caned the COil Ion r

Contoul'~ fluLl LIt\ ati()Jl~ arc printed ill

nnUDf'l' in \\ IJich contour... eXl're<;:s elt;l\ [1

I'm, mltl b)"~.dp 1'" ~l own in th(' followlng
UIl<l COlTf'",polilliIH! contolll' lllap:

,

,. ... defhl(' the form::: ()f ....lopes. f'ince thp :::1<1.::-, and ('t)l'nel'R of end. F.hppt the nfulIP1"> pf tion. F:r' Lf-l, dH <.,1rlwtul"t of t1u" rod... 1 :1) IIp.

cOlltiuuou, Lorizontnl Jine's cOliforlll- adjal't\llt F;hn·t~, if puhli ...hp<!. :in:> l'riJllt.:o. {'hanged II} ihp tlt'Yelopnu'llt (J ptu (,"" or e1i,i·
-mrraL'e ·)f tlw ground, tllty willd l~..-t'8 oJtla! fOPofll·({pld(>~//(et. 'rithin the:' limit--. ... i,m, ....o t1'nl it ~l,l b i!l OTi tIil' 1'1 ion IHOle ;,-',h;ly
out .... m(",th sllrfncfo...., l"f'l:t'tlt.:: into all vf '<'ale tbf> topo~rilplJic "lle-c·t i" nn ;lCTH)";lte all/I tlulll ia othH·..... Tim... a ::':T:,lJlt lila. 1l:1"!" into a.
gle~ of r:t\-iTH."", nnd pl'ojt::et ill pa"'::lin~' dl:lI·.H'tt-'l'i~tic dcliu('[ltioll ()t tllP ff'lipf, (h\illa~{', gJH.:i" ...., and from t!J'lt into a w"( -:..whi'lt.
liIlPn(·t'~. Tll{~ ff~lntioll-' oC contour antl culture of the di ... trict l't'lJl't'sl·nted.. 'lie\\ iJl'!" ,'kdilJl( ntal"?! rOc/ ,.. -'1111' . (uflllJri ....e all rocks

l.nglf:':-o tl,.1 fonll"'_ot tIle lalHl...cape can the ]autl",(·alw. 1I111p ill 1'~llHl, eyel') d13.l'aderi .... tie \;11il:11 IJ;:l\e Lt'Pl) df']Jo"ited Ullllt·1' \\uh·]', wlwthel'
... Jll;lP omi ...k(·tclL fl~(lt'll'e of ... uthcil.-'ut nlngnittl(ll~ shoul(l 1J(' n"'('{J~ ill :-,.·a, lake, or btl'f'i'1t1. The) forllJ a "ery large

H sllo\\' the :,pl'roximntc [(r,,,le of lliz:.I,le. It shollhl gllide the tr:',el,'r; "'ne tI,e I,·,,·t of the ,h~ lnm'.
• '€' \ erti(';:ll ~pa('e IJt:twefn two con· illYe~tol' or o\\"nl-'1' \\ ho tlt"sil'f':S to n....::l·(:'1 tal II thp \VLen the mi'l.tel':al~ of wLich Sf'djmelltal'~' rock"
til(' "'-fllllt', wIH.'tlJl'l' they lie nlollg:l difE po... itloll and "'IlITOlllHl i ilL,. of p!·opl'rt.\ to 1, il,'e composed Hre canied ll~ solid particle:-, 11)

~entle slopfl; but to I'i""e :1 gi\-en hei6ht hult.uht VI' ~(I1d; ~a\"l' the ('ll::;int::er pl'eliIlJill:lJ'.\ \\ ater :lwll1eposited H"l f:!l'a\ el, ....and, 01' mud, the
ntle ~lopt:' OlW mu... t go f:lrtLer than on n blll \ ey' in !o~..atin6 roads, rail\\ a.ys, anu il'l'ig~tioll tl('po~ii i~ called ft JIIcclullliral sl'dim<.'nt. TIl(~.t'('

.:ope, amI thel'l'fol'c contol1r~ are t:loi' apart tlit 'he--; 111'0\ iclt> e..1ucatioll:i.l lIl~t(,l'ial for !'c·ll(Iol.-: 11m) heCOlUf:' hardl neel into con~]oll1cl'at('. ~tUHl-

l.tIe ... lope,:; nnd near together (m ~teep Olw.... alii I lWIlH;::,; :11](.[ :--en e mall)' of the plll"pO--E':-- of ... tonp, or ..,lwlf>. ,rLen the lllatE:'rial ii-l cad'ied ill

a flat t>l' gently undulating country" blilall a 1< "p for locull'eferellce. so]ntioll b) thl' \\ntH n",1 i, del'0,it~,l "itllOut
lr inttJ'yal i..; u...;pd; fOJ" a. .::.teep or Itlountaill- the aid of lif(·, it i" c:lllpd a clH'llIic;d ~('l1illlE:'nt;

ountl) n \'u'!!p iuter"ll is uece,-ary. TI,e TIIl~ GEOLOGIC MAP. if del"J,iteu ,,-ith f,e ait! of lif,,, it i, c,,'l~,1 <III
le;-.t ;;:tf'l'\'al used on thc atL):::! sbeets of tllf' organic s(·(lilll(·lIt. Till' JllOrl' illl!i<Jl'taut ]'ocl~'5

o~';cal Snn ey i...: .l fett. 'fhi", i~ lIs('d fol' The nIHp:::! l'qwc"elltill!.!. ilrt'al g't"0JVQ) :,lJl1\\ 1,.\- fOl'lDt'(l (rom dU'!uit:al awl (ll'''<lllic depo~ib arc
re~i~m., ]ikp tIle t\ii~... i&-il'Jli delta and the Di"irll~d ('O!tJl1.- and ('()unmtiollnl ... i~Il"', Oil tht' t0l'()!.!.1'<lphic lin,e4one, chert, gYP..,lIIil , ....:l]~ il'OII OI't" pent,
SWHTllp. In mnppillg grt'at Ilh.llmtlln IIhlsseb, like ha"e lll11p., tlit' di .... tl'il,lItioll of rO<'h. fct1'lIIation~ 011 lit!.lllte, aud conI. Anyone o[ tilt-' :d)f)\ j) ....edi.
tho'" ill Colol'ado, the intel'\'al ll1a) be 250 feet. the slll'f:lce uf the earth, ;1nol the "tl'l",tul'e-,eetion l"elltaJ',- deposits uay be srpa!'llt~l) fun lied, 01'

Fur intermediate }'elief contour inter\"ftls of 10, Illap sho\\-s their uu(lt>rt!.l"olln<.l relations, as 1':11' Ufo. the different Illatenah !Un} be intpI'Illiugl(,fl ill
:?o, ~;j 50, alit! ]110 feet [Ire used. kIH)WII aull in SlIt,1I dpt1il:l'" tJw scalfl P(--'l·llIit;-.. mallY \\:1):0" prodlwwg a :!!l't';;l \aril:'t.' f,f 1'0('].;.'.

lh'lIil/{([lc-\\""terculll'''('S are indicated b), bllle Sedillielltar) "0> ks :II(' ll'"all.y lI111d" "l' of
\ '( J';:I),lJ:--; or HIH'h.:-."

lin(·s. \ If the ,trenlllS flo\\" the year round the }ayt::r.., (II' beJ ... \\ hirh ('all hp (>~l"iil.' ~Clnlratf'd.

line i~ Ira" n nnbroken, lmt if the ('~lal1nel is dry 1(()I,:k':t nrc oJ IlWI~.\ kiwI"). The IJl'i~in<.ll l"l'll",t ThC'...e la)ers fire cnHed :strata" Jtock~ "l~positt:,l

a part d tIle )em the line i, !Jroken 01' dotted. of th,' (·arth was ]>I'ol"'hl\ cUillpo,e,l of i:;NCOIl8 ill'"l'ces,iw layers art 'aill tu ue ,traliticll.
\\'here a stl'(,:11n tiillks aJlfl l'tappe:u1:l at tlH~ 8111'- 7'u(ks, awl all other l'o<'ks ll<tve becn df'li\ed 11'0111 The surface of till-> t'arth 1'-) not ihrd, ~ it AceI11S
face, the 'tlppo:,td ullderL."l'01l1Hi COl1rse is 8110\\11 thf'll1 ill one "ay 01' f1.lIothel·. tl} ht'; it \ery slowly risl~ ur siuh."i ()\('r "ide
br fL bl' ken bluc line. Lakef.., marshes, and otller Atmo:,pheric n~en(;i{'s gradnfllly l,l't'ak np igne- expall<..es, n.nd a.s it 1;~eti or .... tlh~irle!'; tlJP "llOrf' liJw:-;
1>v<lies 0-[ water :lre abo :-'UO\\ u in lJlne, lJy npl'l'o· 011S rocJ...s~ fOl'lllin~ ~uperticii1L or .')'1IJ:!'ir·iaZ, (leposib of tht' OCean al'e changed: al'f'as of llepo.;:itioll lIlay

pl'iate cOD\'elltloual ...i~nQ. of clay, sanl1, aud gra\ 1'1. J)"1H., ... it:-; of til is c]a ...~ I'i~r a1Jo\'e tlJc \\"att":' and lwcome Illnd areaS. ntld
OultllJ"P.-Thf' \\01-ks of JnnH, snch as roads, hale been forlJled on blill ..;t1l'fn~f's sillce the land ar('as I!lay ~illk belo\, the "ater amI IJecolH£>

railroads, and towns, togt'ther with lJolllldal'ic.s of enrliest geolo!!il: tiIlH.'. Thl'otl~!J tIw tl'an"'p0l'till~ al·ea.;: of Jepu~ition. If North AlllflJ'ica \n:l'e

to\"\nr~hip... , countlt-"s, tllld ~hltes, and lll'ti1icinl a~"(lIcies of ::-Ln'atll-; tIll" slIl'ticinl 111:1tl-"rial::. of all gl':t<ll1nll) to bink a tholltland fel~t tile Sen \\lluJd

dttaib, Hl'fl printed in LInck. :l1:t"S and ol'i..!ilb art: l"<ll'rif.:<1 ~() tIle e;,pa, \\hcrt~, flo\\ oq')' tht Atlantic CO<L':>t and the ~1issi...... i]Jpi

Seaz,.,. The nren of the· United StutlS (excllld. alon'" with mnll'rial Jeri, ed from the ]alld h., and Ohi'J \'nlJe)s from thp Gulf uf )[('xieo to tlJe
illg Ala-ka) i" nl,ollL ~,02.-).000 "jUlU'e miie<. On thc adi"n of the \I"a'es on tile "Oli-t, tlw)' fOJ'1ll Grent Lakes; tlll" Appal:l.Chinu ~Iouulnin, \\onl,l
a map 'I ith the 'cale of 1 mile to the ill"h thi, 8 dimell/a}'1! }'ock~. The'e are uSllaliy 1,nr<1elle,l I"'come au arehip0lago. an,l tlw ocean', ,1"n'e
wou](l co,el' B,025,IJOO :-,qunre inchf';:;, find to intu CVllti10l1ll'l'ate, s:md:-.tOl1t', sha1f\and liIl1E":-.tone, \\()ldd tnl\-elose "Ti'-:f'oll~in, Iowa, nnd Kmh:ia.:::., :llld
[tccommodat() it die paper dillltl1:ionc: "onld n<:~d Il.ut tll~) Jtla.\:,relll:.~in ulJc'<')II~olidateu nnd still be extf'lIl1 thence to Texas. Alforc e\.ten~i\·e changes
to be abollt 2clO h) 180 fe~t.En"h Sljll""e IIllle c,tllpu "roch iJ)' we "eol"gl-t, though poplllarh tha" thi, hal'e rep,ntedl.l occurret! in tI,e pa,t.
of <YI'Olll1U ,;urfltce \\ould be repr~sented b, n k'1o\\'n n, r:ra,el, ""ud, and dn). The character uf the oriC!iual 'edimellts llln, bev ~ '- .... ,
sqnare inch of map sllrf:l"e, and one lineul' lIlile I Ji'rolll til:H' to timc in geologic histor) igncollb <:hangcd IJy cllemical anel dynamic actiull so a.~ to
on the ground ,,011],1 l,e represl'ntl·r! I,) a linen]' nnel se,liml'nt",·) I'oek,; l"ne 1een deepI." lJllricd, prod lice metalllOl'phic rock<. Iu the metamor.
inch on tile lIIap, 'l'hi...; relation I)etwt't'll distnnc(' con:solldatetl, filHl rai..,eu again ftbo\"e the "ind':lct:' pl1i ....1Jl of a se<.linH ntary rock, jnst W3 in the m~tn.

lDnaturean,lcOlJ"t:~~polltlillgdi...tm)(.'eontheJJlnpi., of the water. 1n these proCt'~......c:-,. through the IIJOl'phisI11 of nn ig-ueolls rock, the subtitunces of
called the f-l'alp of tIle Illap. In thib C:lse it is .( 1 ag:E.>ucies of pl'es.'lu!'p, 1lI0\'crllellt, amI cheJllieal whil'h it lS c-ompo..,eJ may enter into lit'\\ com.
milt to un inch." The 'cale Illn.1 bB expresspu nlso n{'tion, they are often ~rtatl) nltered, nnd ill this binations, or IlP" ,u],st"nces Illay be adtl,.,l.
hy a f.raction, of ,,-hieh the numerator is a length conditioll tlll'.1 nre ealh-d rf,,/autO/pltir' f·or-l;.,. When these proc '"ses nre complete the setlimen.
on the llml) and thE.- t1enoliJinntor the corre~ptllHl- T[lfl(()lI!S ,'oc7~.'I"-T}lt,;!'-e are nIck" \dlich IU.I.\'t tar! roe-k becomes c1') ...tallin(~. Such chnll.!!'cs
ing length in nature expl'es~(·c.l in tIle salll<'.' unit. cooled ,uld CUII:-:ulldatecl frolll II liquid staLC'. A~ trilll~fol']Jl sandstone to quartzitE', lilllpstOJI(;l to
Thu" as there are 6:l,3G(j inches ill a mile, t1w l,ns been ~xplaiutd, -0dililelltnr) rock, wel'e m'irble, ant! modify other rock, neeordillg (0

Fig. 1.-]11,'301 &ketch and corre"pondlf1g contour Jnap 1 f "1'1 . In' I 1 I 1 '. 1 tl .. I' "]'1 1 I' . . I\. f]l 1 l'fol.ca eo luI e to an "'In,' l 1-- e:\prf:'--~f'<' J) ~"llJ' I. ('POS-llt'l on Ie On: f l1Hl loneOI1S l'OCh..... Iroug'l t H~lr COJOP0:::iltlon .n S}~t('111 0 para e ll\ i:'>ion
TlJe ,ketch repre,enl- n ri,-cr valley b0tween Ruth of the,e meth"ds are used on the maps of the igneouo nn,; sedililelltar.'- 1'<,<,1" of all "!-,e, plnlll" i" often p]'()uueed, "hi"h 111:1) CIO'< the

../ (jwo hill..,. In the fnregrollnu i~ the :-,eu, \,ith a Ln~ tIle Ge'ological Sun e) . !Illoltt'u IIlat('l'ial has (I'om time to tilile hePll fOI'c'ell uriginal IJells ul' ~tratn at any ~tlIg1p. U.()('ks
whieh is partly elo,et! h) a hooked santi bar. On Thl'ee bcales are usell on the atlas ohepts of upmll'll to or iIPar t],e fiurf:lce, and there con~oli- di,ided 11y such plall~s nre ('nlltd slat", or sehi,t,.
eacll fiide or the mile) is a ten ICe. From the th" Geolol!ie:ll ;';IIITey: thp >lnallest is "'~. ,. the d:ltell. ,"lien tl,e cl,allnrl, or ytnt, into \\ hit'h Rocks of any p,.,.iod uf the earth's biotury may
terrace Oil thE' right :l hill I·i::-ies graduall.), "hilt:> intermedillte 1~ 1 -.), <lud the lclrgt::;t l,/m' T1H:'~e this mol~.·ll llIi\teri'll i::s 10rced <10 noL l'E'uch tile he Illore or l('~s altered, Lllt tlw yuun.Q:Cf forrnn.
frollJ tlln.t on the It"tt the ground ascends steeply IpOTTe-.pond appro:xillmt('l) to 4 miles, 2 miles, surfflC'e, it II1ny cOllboli(!:tte ill <:r~ld'l.'" or fh":-.urrs tion~ b:l\'e g("lnerally (>~capHl murk(,d lIIetmnol'.
in a prt;(:ipjcl~. Contl'fl.:,tell with t11i<; precipice is aBel] lIlile' Oll the !!round to an ill('ll 011 the Inap. <:Io'bing the Le<1ding- plill1e~, thus fonuing- dil..('~. phism, and thfl ol(l(~~t sediments knon II, though
the gentie <1eocenL of the <lope "t the left. Iu the On tll~ scale "~"~I a bljllme inch\ of ""11' .ul'faee CJi' sl"·(·:,,1 Ollt hetween the strnta in largr hOllie" <;pnemlly the IilO,t nlttred, in some lOt.':J.1itics
nlHp eaph of thesc feRtlln'~ l"i indicat~c1, directl) l'elJre l?Dts and COITt-~ponds Hearl} to 1 ~(Jtlare 1',llJcd ..,}p-'et., or lacl'olitbs, 0" forlll lal'~e irrl'g"nJul' n.-'nPlill flssentially un,"hange<.1.
ben&ith its po,ition in the· ~ketch, by contom,-. mile; on the seale I"'~' " to nbollt cl fil]Uare mile,; ~I'o,-s.cnttill~mn",e" calle<l ;;toc". SIH'U rock- 'ire J::hu/,ei,) I'Och.-'j'lJ",e embrnee the 'oil, clay..,
The follo\\-ing explanntion mny 1l1.1ke c],.nrcr the nnt! on the ;,cale ",,,' "to al,out IH SljU:Ire mile,. calJeu intrusiv(. '\\'ithill their lock illClu'lll'e, ':Ind" w,wel., ~nt! ho-,dder'l thnt coyeJ' the surfn('e,
mnnner in wlJieh contours delinente ele,atiull, ,\ t the huttum of "Hcli atlas sh"et the ,c,de i, th~.r 1'001 slowl), nnl! hence :Irp genera]]) of (;J"'>' wlwtuer Jeri"ed hOIll t.he 1reaking lip or disinte
forlll, anll gn"le: expJ'e-'cd in three diffel'ent wa) s, (,ue heing a talline t('xtllJ'e. ,Vhen the channel, !'I-ad, the i[rntiou "I' the llu'lerl.viltg rucks br atmo,pherie

1. A contonr indicatt's approximately a certain gmfhwted lil.e l"t'j))psE'nting milf'~ ancl parts of s'll'face the la\"as often flo\\" Oll~ nt....l uuild up ilQt:"llcies 01' from glatial actiQlI. cnrficia.l l'Q(.k~

height a},oye bea lc,-eJ. In thi, ilJn"trntion the !,uileb .in Ellgli.,h IlIehe" "nothl'r i'.'''ica.ti~lg di-- ,olcauo,'s. '~he,e lanls ('001 rapidl) i~l tIll' air, tl",t nre due to llisi 1tegration are produced chiefly
contour lntel'YRl i..; 50 fept; therefol'p tIle C'01l- tauce III the llIf'trw <;:ystem, and;l tlnrJ gl\'mg tiJe H"liUlI'lllg a g:a·~'-iY (JI', more o1Lp u l it partial].' ('1")8-' h.\ the M·tion of 'l.ir, \\Hter, fro..,t, anilUalH, alld
tour" arc <lra\\ n at .,0, lOU, 1~0, 200 feet, nllll,u on, fl'.ll·tionnl',·nlc. t:<lline c(,ndilion. 'fliP)' nre Ihllall) Inore 01' lefi' 1'Iant<. They con<ist lllainl.'- of the least ..oluhle
nbO\e-Plile,el. Along the contollr at 2;;0 feet lie Atht8 ,lttf/., and qlr("l,.(t"rtlt".-'l'he map is p"I'OliS, TIll' i",ueoll" rock- thus forn,ed IlPOIl tI,e p:Ll'h of the rocks, ,,-hicIJ remain after the more
all point, of the surEae,' 2;;0 feet abo,-t ,;ea; nnll being: puhli'he'l iu n.t!n, slleets O[ con'enient fiize, ,nl'face nr" called ex/,.II.,i,.,. EXl'lo,i,,, a.·ti(,n '0In1,le part' hare hecn leaclteu out, an,l lJenc"
~imilm'ly '\ ith an) otL('r (·ontour. In the f:lpan-' which aJ'~ boundefl h.' parallels ~lnd luel·i(litlll.... often acconlptlllies \ o1<.·auic eruption:-" call.,infT are kllo\\ n as rcsi(lnal pl'Cxlucts. Soil:-, ;\11<1 ~1I1,.

uet\\CeH any two eontollrs fU'(' found nll p!(\\.lttiolls The porrL·...pondiH~ foul'·tol'lltrcLl portion.:; of tel"· ejl'ttioll:' or du,t 01' n:-:.iJ aml la!",~eJ' fra,:;ltlent.... ..,oil.., are the nlO~t imporr.unt. llebidual t1.CCUfllll

abO\e th~ lo\\er hllll IJelo\\' the lJi!-"uer coutonr. ritor) nre caliI'd fjllrt<{},ClJig!t.,. Each sheet 011 TlJbe lllat"rinb \\l,eu eon'l,lidated cOII,titllte latiolb al'e often wnshed or 1>10\\11 iuto 'nlle)s 01'
Thll"i the contour at 1;){J {(·pt falls jU"lt })olo\\ the thc A('nl(· vf ~ I <:oIJtaill~ olle (,(jui.lr€ (If'gTee, 1, e' l a l'l't'cl·iu'3. ngglolllel'atp:o;, allli tuff..;. TLe ash \\ IWIl othtl' llepre!"lRiol1s, where they lOll!!,. anel fU1'1II

tlge of thc tl'rrnce, \\ hilc that a1 ~uo feet li~, 'le:'ree of lntituolt I,y a t!ct,rte uf 10nC!it",1,,; ea('h ('al'ritd into lakes 01' sea" 11I"~ become ~tl'l1tifit,l, -0 oIepo,ih that [(l'ilue into thc' sedin~entnl'\- dn',-.
bo,e the terraee; therefore all points on the ,h,·"t on the benle of f"~' c')lltnins one-qual'ter of as to ha,'c the stl'lletllre "f ,ediluenta,.) mel<;. tlllrlil'i,\l rock, that :u'e (lilt' to glacin] actioll are
rn-tce are sho\\n to u(, more than 1GO IJut le::,~ ft 'square degl'ee; encb RiJeet on a scale of r,2~~(1 ThB age of :til igJll·(JU., J'(wk i:'> often di1iil'ult tW formed of Ow products of disiptegrtttio11

1
togetht'I'

Lll 200 fe('t aLo\e ~ra. The tiummit of the ("ontnins one·....i\teentlJ of a squal'c degrce. The illlpos,.,ible to detenniJll'. \rllPIl it t.:utq ,l<:I'(,...ti a With bo\\ 1<1(>1'8 and :D:a~ment'" 0] rock l'uhbed from
flier hill is ::::tated to Iw G7U feflt abo\e ~C;1; nrea..s of the cOlTe:-'l'0ndillg (Jnadr:UIQ.ll-'.... HI'£' alJol1t t1(·dilll~lItar.r rock it i .... )Ollllg-er' than that J·ocl..:, thp ~llrfnee and grollnd tOU{ her. Tla'se nrc
ordiu<;ly the contour at 050 feet burl'oumb it. 4000, 100tl, alid 2~0 '>~]lInre miles, re'l;eeti,ely. . ~ncl "'heu II sedilne.ntaI')' rock is uepo'>ited over spread iJTcgll]arly onr tlleO ,enitory occll],i",l
thi, illustI;,tilJll 1\(','11'11 nll the ('ontollJ's art' Th: ~tln, bh~et" be1llgonly pillt, of oue mnp of 11 t1;e 'g"eo", ruek h the older. . . 11,)' the ice, nnel form" mixture of clay, pehhle,.

\lH11hfn-d \\I.ere thh h not po-,liJll, certaIn thel:ll1ted i:>tatps,nrelaHlolltwltholltreganl to Lnder the IJlflllell"eof d~nallllc and chellllC:11 and bO\l1<ler;, which;', kno-,n 'h till. (tmay
ont?Ul'S - ~ay e\ f'r) fi:th one- arc accf'lltlliltt:'d tll~ l)oUl~(:;ll') lines of the States. l'ountics, or to",~. ;~rce:::! all l~lIeOlld .!';~d.. IIH1) IJe metalllorpho,,(·d. O:'CIU a~ a sheet or he hUlle·hetl jato hills nll;1
'H1 tllumherpd: tllc ht>lghts of other~ WhY theJl ~llll:''''' 10 each slwt-'t, Jlnd tu the ljlladrnngle It J Ie aheratlOJ1 lila) lll\"ohe onl) a l'P<ln':ILlgenH"lJt ]'lIlge"', forming llIomiup", dl'lII1l1ill~., alll} otht'J

a;('crtainpII h) connting np or L10wn frolll u n·IH·C'....eut.." is,.!in~J1 the 11:1111(: of ~ome well-k.1l0\n1 0" it.; milJute pilrti('!e-- 01' it l!lay he' at'cOIllp:llIietl spt-'cial forltl~. 'Juch of tlJi~ 11Ii\PUIII<ltel'ial \\:18
tllllL~J'I·d contour. to\\ 11 01' natUlill fl'atuJ'f' within it~ limits, and at h} a change in chemical alld JIIineralo6 ic COlllP0;-.j· washt:d away from tilt' Ited 1» \\ :.:ole!', aud



,

"t preseut ('o"cred wit.h merclllUltRl,le timher is
estimate,l at 122 sljl""'e miles, I\ith a total ,tn,,,1
of 1~O luillion reet R.:lf. From G8 s'juare lJlilcs
tl.c till. bcr 1m" been cut.

Cultlll'e.-Th,' larger parts of t,,·o cities nr(,
inclndeu in this (Juarlrangle- Ellensburg, nenr t11l"
lJorthea"t cornel', \I ith u pupulation of 17:37, "nd
North Y"ki 1J1a, about 2.", III iles SOil t.h, 011 the ea,!.l·rl1
edge, with ft population of 3]64 in 1900. Thp-"
cities arc tI,e county seal' of KittitaR and Yakill'"
counties. I'(·~p(·tti\ el) 1 anll arc bupply ('entpl'H fnl'
the Slll'l'ollll(]ing eoulltl'). The"e are sewml utI,e,'
po,t·offices, hut tllG l'(,pnlation out"ide of the Iwo
citie~ i.., gf:>lwl'nllr &'attel'e<l ulon!.; tllf' nllll'Y~'

The total pupnlatiOlI of the qumlrang-Ie was nl",,,t
8800 IlCco,'uing tu the ceu;,," of 1!1U0.

Some 11IfliluCacturing is carrip(l on ill Ellcn~"tll'!!

and NOl'th Yakill''', b"t the 1'rinoipn1 indllsl''.\'
of the regioll is ngricultllre. Thp crop" that are
cnlti"ntt::d fll'P. many and Yaried. On th0 ilTigahlt'
lanel of the Kittitas nnd N:1ches "alleys is l':Ii,,·,1
hay-alfalfa, c1o\PI', nnd tillllJf!ty-\\ hie]1 ('011I

mand" tlie hii'I'bt price in the J'lIget Sell11,,1
markeb-.. Among tile cercn}o:;, wllPnt, O:tt~, 'lIll1
harley are gl'O\\ n. Potator:~, &W'cet CDI'll, mal

other vegetable;, ar!' ;;llipped ill ],lI'ge 'l"autities
frOIll tl,,"se "alleys. 1JJ the vieillity of Kortli
Yal<lIlHl) apples, pcacl,cs, prunes, pears) ehel'l'if\H,
anel nl,ricots of the fiuest 'Jllality nre [(!'OW".

The ,Ii,t.riet lias al;;o long heen famous fol' thc
excellent quality of its 1101'S, :lnd this f'rop (·f.,,·
tinlles to l)(~ an important QUC.

Mnu) hll'ge herrls of e·nttle Ill"] hands of slll'ep
nre 1\ intered in tl,c ,-alleys I,f thi" reo-iou aud. "
fll1'l1isl< n IlOme lIl11rket for n,ud, of Ih., ha)' 1'Ilispd
llel'e. Tile mOllntninOlls regions to tIle "C'l'-t
fll1'111SiJ 81111llller "auge fol' this ~tock, and ill ('fu'l}"

•

SUllllller the cattle nIHI shee!, graze ill tl.e Iligifel'.
we.tel'lI portion of the Cjl1n,lr"n;;I(,.

QUADRANGLE.

mucll as it is i!, greater part fed by glacinl streams
Ilud tbus lIlaintains a large discharge during the
hot mouths, when its "aters are most neeeled.

Man,-".tash Creek, in tbe northern part of the
f[lladrangle, fU1'llisIJe. water fo" the irrigation of
laud soutb" est of Ellensburg, ftI111 this supply
has been some" h"t impro"ef] hy the construction
of a stomge dam at the outlet of Manastash Lake,
nBm' the Hort)lwest corller of the quadrangle.
[lTigati"u l,as lJeen elc, elopef] in the I'alle) of
iVeuas Creek to such an pxtent as to effect a com
plete di, e,'Sion of thp water during the dry season
and to necessit,,:te Ii eli, i;;ion of the supply by the
CCllU·tS. SQmewhat ;;;illlilal' comlitions ohtain in
the ,iciuity of Atanum Creek, where the"e is
more land uneler cuI til ation tl",n the water supply
walTants. Tl,e Ellen,bnrg-Nort1l Yakin", region
is ah'enely more extensil'ely irrigateel tl"'n Ituy
other district in tI,e StRte of WashingtolJ, tind
additions are being mnele to the sy"tem of ,'nn,IJs
hy,,,hidl the al'ailahle water supply i" utilized.
Futme ele' elopulents, 1'0" el'er, must be through
constl'llction of storage resel'\'oil'l' at tbe head.
"ate,'s of ¥ akimn and Naches ri,·ers.

CUlna/e,-This area shares iu p"rt the arid
cli.nate of tI,e G,'eat Plain of the Columbi'-f. Tn
the vicinity of North Yakima the annual rainfall
a"erages slightly more than 8 inches, wl,ile at
Ellensburg the ",-erage precipitRtion is about 10
iuches. Iu exceptional years tbe raiufall may be
considernbly les" thnn the nmount stRteu; it ,,'as
less than 4 inches iu 1898 at Ellpnshurg. The
"estern anel higher portion of the quadrangle are
eharacterizeel by a semi-n"id climate, due to the
iuflueuce of the Cascade 1hnge. Here the pre
cipitation is apprel'i"hly greater, as would appear
",ere records ',,"aibble fOl' the uppe" portions of
the Atanu1l1 and 'Venas 'aile) s. In the upper
Yakima Valley, records kept Itt Clealulll and
Ellen;;burg show tJlI,t the nnnnal minfall is more
than three times as large at the former locality as

at tbe latter, the di"tance between the two places GENERAL IJIBTO/lY OF OASOAIlE l>fOT'NT,IIN8.
being but 25 miles. Snow persis~s well into the
summer on the slopes of Bald Mountain. C'Wl'A( IWITS A"D lOARl.n.I< }.'·"'<TS.

In the lower valleys the winters are short, anu SOUl'CPS qf data. The geologic history of a lim-
very col<I "'enther is nncommon. The mean ited nreltlike the ]';llensburg (]uadmngle Can not
annual tcmperature in the vicinity of North he lIndel'Stooel without ,ome geneml knowledg"
Yakima is about 50° F" anll at Ellensburg it is of the pro"il.ce of wl.ich it is a pari. Only t,he
about (; less. Tbe sumuw)'S are hot and dry and .\ ounger r()(·ks are expo"ed within this district,
tbe percentage of bright, clear ela). is sO high as anu only the conespunding chapt"r. of the gl'O
to e"pecially favor Rgricultnre. logic record al'e here a"ailable: but in the North.

Vegetation.-The vegetation of the Ellensburg em Cascades milch older rocks ,we found, which
'luaunlllgle is scant). Along the riveI'S and streams fnrnish data fur earlier chapter!> ill the hi"tor) of
a few trees are founu, cottonwood bcing abnndant the ]>1'0\ inee, allel a lJl'ief outline of that history
on tbe banks of Yakimn and Naches rive''S in will be gi'en as illt.roeluetory to the more detniled
the "iciuity of NOlt11 Yakima, "bile yellow pine acconnt of the events within the smaller are".
(Pinus ponderosa) OCCUI'S in the canyon of the Earlie,,! lcnown el'isodes.-The oluest rfx'k,
Yakim'l between 'Venas anel Ellensburg. 'l'he known in the Northeru Cascull.!;s are of Paleozoic
nati'e 'egetation is an excellent index of the age and represent proelucts of yolcanic acti, it)' a,
mried climate of tbe region. The lower "alleys well as sediment", Their l'baracteI'S indicate that
and the ridges in tl'e eastern half of the quadran. the conelitions of sedilllCut.ation and of volcani"n
gle are treeless and covel'ed with sagebrush and "ere remarkably similar to tho.e obtaining in th~

associntell elesert !>hrnbs, where the land is in its same period in thp Sierra Nevada and in Briti'h
prime"al state, and tI,e nutritious buncbgrass is Columbia.
every" here plentifnl on tIle ridges, except where Cretaceous sea8.-During Mesozoic time 'anfl.
excessive grazing hM destroyed it. Yellow pine stones anu other seuiments were laid do\\ n in
OCClll'S in tbe we.tel'll half of tbe quadrangle, portions of the Northern Cascade area, the ,n,,,t
appearing first as scattered trees and farther west important boil)' of Cretaceolls rocks l) iug iIII II1"

in open groves. Along the westeru euge of tbe diatel)' south of the interllationnl hounuary nnd
are" the pine is abundant and of good size, so tb"t repre;,enting an extcnsion of tIll' Cretaceon" "':!

Illmbering operations !la\e been canied 011 in tbe south ","",I from the interior region of Rriti.h
vicinity of the headwaters of Manastasb, Wenas, Collllllbia. J<'artlwr south the nearest knol\ n
and Oak creeks, anu on the North Fork of Atanum area of rocks of 8imi]ar age is in the John Day
Creek. I~eel fir (Pselldots'llga taxifolia), cedar Basin anf] Blue Mountains of Oregon, allll tIm',
(Thu,ja pUcata), anel IJemlock (lsuga mcrtensiana) central IVasbington may ha"e heen at that ti1ll" "
are the other forest trees in tbe we.tem part of lanu area wi tb Cretaceous seas both t<l the norlh
tbe quadJ'ltllgle. Near the lower course of Atanum "nel to the sOllth.
CI'eek yellow birch is found, while scrub oak

I 'J F.IUIARY AND. LAl'.BU }X.KKTS.and maple occur along several of the streams,
these trees being especiall,v abundant lIenr the I Post·Crdareoll.s 1tplift.-The deposition ot 'lie
mouth of Tieton River. In the land classification Cretaceous rocks seems to have he(~n followp.tl 1,\
madl' nnder direction of tbe Di, ision of Forestry an epoch in which thpy and older rock8 1\1']:1'

of tIle United States Geological SlJI'vey, the nrea folued an<1 npliftl',L Thns \I aq "n early Casl'adl'

ELLENSBURGTHEOF

rielges extend westward to,,-arc! the more rugged
mountains of the Cascade Range. Tbe highest
elevation reached" itl.in the Cjuadrangle is G143
feet, on Bald )Iountain, in the north"'est comer,
and the lowest part is along Atanllm Creek, "IJich
crosses the eastem etlge of the 'Jnazlral1gk at ahout
1000 feet abo"e sea le,·el.

Se\-em] ritlges havillg a gcneml el1~t'"'est trend
c1i"itle the c1istrict into" serips of parallel \alley',
the "eiltem portions of "llich fall "itifin tife
limits of the area he"e de.cribed. Tifese ridges
rise to ele' ations of froll1 1000 to 3000 feet abo"e
the vnlleys unu are characterized l,y gentle slolX:s
and el en.toppell cre,ts. TII(~ "tream channels anel
gulches tl,,,t seorp tifeir .ide" are hardly noticeahle,
nnu in mallY places 1111 apparent1) unbroken slope
extends from tI,e 'alley floor to the rielge el'est
aho,·e. Between the ridges are the ranoe·shapf"d
"alleys, whinll, witll tI,e height", \I ill be more fully
uescribeel in a later section, in connection with the
eliscussion of tl.eir origin (see p:lges 4 anu 5).

The most remnrkable feature of the relief of
this area is the eanyon of Yakimn River, nn
important tributary of the Columhia, \I hich is Cllt
tmns, ersely across the ridges and has no rplntioll
to the present topogmphy. This canyon, \I hicl,
is followed by the line of the Nortlwl'Il Pacific
Raihl-a), is "ery bold anel deep where it Cfltq tife
higher rielges, and the scenery "long the milrwel
line is especially fine in that scction imllleuiatel)
be),ond thc en"tem boundary of tllis 'lnaelmngle.
It is represented in Selah Gap, 2 miles north of
Nurth Yakima., and is much deeper north of Sel!th
Valley. TI,e relation of the cOIII'Se of the ri I'eI' to
the yalleys is no less st1'iking, since these nlso are
trans"erse to its com'Re, and sOllie of them, as the
Selah-iV-eu,,;; and Umpt,allflm-Squnw Creek ,al.
Ie) s, are higb abo, e the ri, er le"el and iudee<1 not
ea;,ily seen from the ri,'C!' bank. Thus the water
gaps of Yakim" Ri,er intenupt the le"el crests
of tife ridges, "111] the shallow parts of its canyon
cut acrO'il the bronfl stretches of the, nlleys.

D1'Ctina{fe ancl 'wate,· sllpply.-TLe ,,-hole of the
Ellensburg quadrangle is tributary to Yakima
River, anil thus belongs to tife Colllll1bia water·
shed. It is close to the enstern edge of the
bumiel Cascaele slope, and therefore, though" itbin
the nriel region, is fairly well supplied ,,,ith flo\\,·
ing streams. The nlaster stream of the region is
the Yakima, wllicb, like its pJ~ncipl,1 tributRr),
N!tCbes River, rises in the high mountRin of tife
Cascade Rnnge. Tieton River, an important tribu
tary of the Naches, is likewise feel by melting snow
nlll] ice and thus maintains a fnirl) constant dis
charge thronghont the summer.

The smnller streams, Umptanllln, Wenas,
Cowiebe, and AtRnulll creeks, wllOse uminage
basins lie" holly 01' mostly ,,-itbin the Ellensbnrg
quadrangle, haH more of a seasonal character, and
t\yO of the;;e creeks, Umptanllln amI COWIe-he,
quite fail in portions of tbeir COlll'SCS dlll'ing the
summer months. The smaller trilmtRries of these
creeks are wholly intermittent, being commonly
represented in midsummer only by n spring at
the head of the elry stream chnnnel.

Measurements of tbe Yakima at thp Selah
bridge, 4 miles above the mouth of Naches Ri, er,
made by the United :::>tRtes Geological Rune) in
1897, showed the maximum monthly lIIean dis·
charge to be 9318 seconel-feet, in the month of May,
and the minimum monthl) mean to be 700 second
feet, in tife month of September. Similar rnellSure
Illents of Naches River continued for three rears
gi,-e a maximum monthly nw"n of G22U sl'collll·
feet, in May, and a minimum monthly mean of 3G2
second.feet, in September. Nnches Ri,-er is con·
• idered the most importRnt stream for iniga.
tion purposes in the St>,te of \Vashington, anel,
as indicated on the map, cal1als t>lking water
from it suppl) the hest agricultural lanel" ithin
the Ellensl!Urg quaurangle. Tieton Riyer, \I hich
enters the Naches about 15 miles ahoye its mouth,
is e~pecially mlapteel to irrigntion purposes, ina;;·

DESCRIPTION

GEOGRAJ'IIY.

JYatl1/'al divi.sions oj tlte State.-TLe State of
'Yn~hington comprise., five great dh isioll8, "i\'hich
"re geologicall) "S ,,"ell "' geographically distinct.

[n the westerll p",t of tl.e State the 01) mpic
:Mollntains o,'erlook the Pacific anu, forllling
"pparentl) the northern extellsion of the Coast
Rangc of o"egon, are tl,em;;eh es represented
north\\'ltl'(I, beyon,l Jnan ue FUN' Strait, in the

•

heights of Vancomer 1;laud.
East of the high mOlllItains of the 01) mpic

gronp i" the Pnget Sonml Rasin, a ilepression
"hich is ,ery noticeahle hecause of its position
het,,'een pal'llllel 1II0untain ranges, and which
exten,ls I,c) ond the bonndaries of the State, sonth.
ward in the Willamette Valley of Ol'egon and
northward in the sounds of British Columbia.
Its chal'ltcteri;;tic topography anu geology are
descrihed iu ti,e Tacollla folio, ~o. 3-1.

The third di"i;;ion is tile Cascade Range, a
1II0untain mass hal ing a north-south trenu anll
forlfling the. most prominent feature of the State.
This line of uplift is a continuation of that of the
Cascaue Range of Oregon, but the Cascalles of
'V,c~hington uesen-e further subfli, ision. Fronl
Columbia ]til'e,' northward to the vicinity of
:Mount Rainier the range resembles the Oregon por
tion, both iu topogmph) and in geology, b,csaltic
anel anuesitic lan,s of Tediary age constituting
the material from which the mountain, h",-e been
con;;tl'llcteu. In this folio is uescribee] a pOltion
of the e!tstel'l1 flanks of thi, type of tbe CasClule
Range, Fnl't.her north, lJOwe,'e,', older rock;;
Ilppear in the Cascadc Monntains Ilnd the topog.
ml'l.y becollles 1I1Ore nn'ied than to the south,
These geologic alld tupogl'aplllc distinctions are
sufficielltly illll'ortant tu deseITe recognition, and
on this nccount tl.e mnge from the vicinit) of
lIIonnt Rainier northward to the fnrt) ·ninth pllJ"
allel "ill be termed the Northern Cascades. The
application of this term beyond that is qupstion.
able, since there is in tLis 'icinity an abl'Upt
e-hange from rugged peaks to the more rounueu
alld lower ridges north of the int('1'Ilational bound·
"''Y. Tbe ,colcanic cones of Adams, Rainip)', Glacier
Peak, and Hnker, that uominate botl, portions of
the Cascade Range in Washington, nrc of later
date than the mnge itself, and tbeir distribution
<lues not rdlect the "ub,li"ision hcre proposed.

The fourth illlportllnt feature of '\Vashington is
the G"eat P!:Lin of the Columbia, a plateau region
that extenfls south",arfl into Oregon am1 east"'ard
into Idaho, and inc1uues ftpproximately one-thir,l
of the State. Its western boreler lies in slllftll part
in the Ellensburg quadrangle, or more e"aetly,
this quadrangle induues the border l!tnu bet" een
the Columbia Plain find the Cascade Range.

The mountainons district bordering the ColulII·
bia 1'lain on the north and tr'l\'ersed by tbe inter
national boundar)' constitntes the fifth natural
di,'ision of the State. It includes the Colville
ll-Iountains, "hidl appllrently represent t.he south.
ern continllation of higher mountains in Britisb
Columhill.

Situation and extent.-The EllenslJurg quad·
rangle is bounued by the parallels 46° 30' and -17
north latitllde anu the 'neridians 120" 30' !tnel 121
west longitu<le. It ",easm'es somewhnt over 34
miles in lellgth north alltl sonth by nearly 24 miles
east anclWI'st, and contains 820 squllre miles. It
includes portions of Yakillla am] Kittitas cOllnties
and is situated inllllec1iately south of the geo·
graphic ceuter of the State.

Topog1'Oplty.-A long tbe eastern borelm' of the
Ellensblll'g I]naelrangle the conn try, in its general
nspect, snggests the Grent Plain of the Columbia.
The broacJ ridges and ,,,lie) s are comparati"ely
fentnreless in detail, an,] s"eel' e,,,twar<1 uuti!
tl.e) are Seen to merge illto the plateall countr),
bordering Colnmbin Ri,·er. In the centml nnd
"estern portions of the 'l"adrangle, however,
there is greater topogrnpl.ic ,IiI ersit), am] the
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DESCRIPTION OF THE BOCKS.

Affe according to jlO?·a.-The only sedimentary
formation in this quadrangJe is of Miocene age.
Fossil Jeaves ha"e been found in the sandstone in
a quarry southeast of l!;llensburg and jnst heyond
the eastern edge of the quadrangle, and in Kelly
Hollow. The only other fossils which haye he~n

obtained from this locality are a few teeth of
•

lJipparicm, a Miocene rpprcsentatiYe of the horse

ELLENSlJURG FOltMATIOX.

RLDJ\IEN'JAH.Y lWCKS.

On the Areal GeoJogy map of this folio six
formations are represented, the geologic history
of ,\ hich has been traced in the preceding section.
In the following pm'agraphs these rocks 'Yill be
described, especially those characters ,\-hich afford
a basis for the interpretation of the geoJog) of the
region, which is relatively simple.

courses of Tieton Ri, er and of the two Cowiche
creeks "ere essentiall.\ chauged 10) it. The latter
creeks formerJy entered Nachcs Hi",'r as separate
streams, but ,d,en tJ,e .lanl plateau formed an
effecttlHl dam they ,\ ere forced to unite their

•
Iyaters aud to oeek an outlet aronnd the end of
the andesite flow, entering the ri, er seyeral miles
farther ,outheast. When the Tieton fir~t began
a"ain to flo,,- dOli n the valley which Ilad been soo ..

aeeply filled, it for a brief time sent some of its
water sont!l\\-ard into the COIl-iche drainage, hnt
soou it established its new outlet farther north,
lI·here it encountered the eaoil.\' eroelerl I~llensburg

sandstone and thus could cut a channel around
the upper end of the la,'a plateau. 'fhis new
jnnction with the Naches is nearly 2 miles ahoY~

the old, the old lal'a·filled channeJ lit tI,e point of
elivel"1'ion being shown in section on the ellst sille
of Tieton Riyer opposite 13. M. 1G81.

Farther north similar volcanic actility ga\'e rise
to Ja,-a flows ,yhich covered much of the basalt
surfac-e het,,-een Bald }Iountain and Kaches Ri,-er,
but the) diclnot e"tend far down tbe can) on, amI
caused oul) local changes in the drainage.

Depositi07l of alluvium.-The damming of the
Cowiche creeks resul ted in the deposition of stream
gral-els in the lOll land hehind the la, a barrier.
The Cowiche ,mters "'ere ponded uutil they
reached the lel-el of about 1700 feet, when they
o"erflowed around the southeastern edge of the
lam plateau. Deposition of the gravels rontinnec1
until the new channel hau beeu cut nearJy to its
Iwe,ent le'-el, when these ,leposit.. were in part
cnt away and the remainder was Jeft in well
defined terra<:es.

Allm'ium also occurs at the lower lel'el of the
present flood plain of CO\\ iche Creek, and is
plainly of later origin. Thronghout the quad.
rangle the streams in their Jower cow-ses, where
their fall is slight, hal-e deposited gravel, sana,
and silt, shown on the nmp as valley alh·uium.
The deposition is due in wany cases to the estab·
lishment of a local hase.leyel for a stretch abo\'e
a point ,d,ere the stream has been engaged in the
ta"k of cntting through hard basalt. In a large
way, the extensive alluvial ,leposits of Kittitas
Valley may thus be attributea to the period when
the river was cutting across the slowly rising
Manastash and Umptanum arches, so that the
Jower portion of the section of gral'els may ante
date the Pleistocene period. A good exampJe of
the origin of these deposits on a smaller scaJe is
aJong Wellas Creek, II here, in its lOll er course,
thc ,tream has cut dOIl-n to the hard 'Venas basalt,
causing the npper part of the valley to lJe widened
in the soft sandstone and making a flood plain a
mile in width at one point. So, too, there was a
wide expansiou of the valley of the Naches aho"e
where the riler cuts across the western end of the
Selah mdge, although Jater a large part of this
wide valley was occupied b) the andesite liow.

There are no deposits ,,-ithin this area directly
referable to the Glacial epoch. The silts of the
lower Yakima Valley may possibly indicate the
existence of ponded II aters in this area. Groups
of large granite bowJders found in \Venas Creek
anel in Wide Hollow may also be referred to that
time, since their size llllCl their ocrunence in ,al·
leys where no granite is exposed indicat.e that they
must have been dropped from masses of ice float·
ing in the pondeu waters of Yakima Valle)'.

}JLElSTOCE::\'L l'J:.HIOU.

Canyon cutUng.-The fossil Jeal'es coutained in
the Ellensburg sandstone definitely fix its age as
late Miocene, but for the e"ents succeeding the
deposition of these sediments no exact date can be
b'h en. It has seemed most plausible to fix the
uate of the penepJain as Pliocene and to consider
the subsequent warping and uplift as events of
late Pliocene time, "hich very probahJy continued
into the Pleistocene. The resulting canyon cut
ting was accomplished in Jarge part before the
latest glacial occupation of the valle) s, us can be
seen in the upper Yakima Valley, where the ice
of the Glacial epoch has left its record, but the
canyons are still being deepened in many places.

Andesite c-1"Vption.-The most importaut eYent
in the later history of this custrict "as an erup·
tion of anuesitic laya somewhere in the higher
mouutains to the west. One of the I:l\"a streams
had its origin in the vicinity of the Tietou Basin
and flowed eastward down the canyon of Tieton
River, which had been exca"ate(l to a depth of
from 1000 to 3000 feet in basalt, and was now
filled almost to the top with successiye floods of
volcanic mud and of lava. The later streams of
molten rock flowed out oyer the broad yalley
where Tieton Riyer and the Cowiche creeks
uoited witb the Naches, cOI-ering the fertile hot·
tom land and forming there the plateau which
is now a marked topographic featJ1J"e. The lava
stream cooJed as it flowed, and finally stopped
about 12 miles below the point" here it issued
from the canyon. The ea.~twarcl slope of the
hummocky upper surface of this flow averages
about 60 feet to the mile, "hich expresses the
degree of fluidity of the lava at this point in its
flow. At the end of the flow its thickness was
about 300 feet, tbe lava as it cooled forming the
wonderful columns at Pictm-ed Rocks.

This eruption of andesite does not seem to have
affected the COlll"1'e of the Naches, but the lOll el"

])ejo17nation and erosion to lowlalld.-Towanl
the latter part of the Neocene period, the epoch
represented hy the seiliments of the Ellensburg
formation close,l with the ele"ation Hnd foWing
of the Miocene beds. Thron~hout the :Miocene,
there seems to l,ave been intennitteut subsidence
of the earth'. crust in tbis region I.,orllering the
basin wherein the basalt was ernpteu and where
the o"erlying sediments were deposited. Now,
probably early in Pliocene time, the 1Il0,ement
took the form of flexing both rocks into gentle
arches whose general trend was east·II-est. The
arclnng was not long continued, and the streams,
with increased grade, began at once their attack
upon the nplifted rocks, so that erosion took the
place of deposition. First, the Miocene sands and
grayels ,vere cut away until these soft beds ,yere
whoJh' removed from the crests of the arcbes,•
and thereafter ero,ion continued until e,-en the
hard basalt was taken almy in considerable amount.

The degradatiou of the Jand by the actiyity of
the streams was continued with no apparent ces.
sation until the "'hole region was reduced to a
lo\\·land. It relief now became relati,-ely insig.
nificant, tI,e reduction to the approximately level
plain, or peneplain, Jlll\"ing reached such a degree
of perfection that the resistant ba.'alt was leyeled
off equally with the soft sandstone.

Later vJa?ping and vplift.-The peneplain
re&ulting fl"om this effectuaJ erosion was next
affected by orogenic forces. Along lines for tlw
most part coinciuent with those of the earlier
folding, tIle leyel om'face was arched and at the
same time the whole region was nplifted. This
process was an extremely slow one, but it el-entu·
ally gaye considerabJe relief to what had been a
featureless pJain. The streams that had meandered
o"er the old lowland now began to entrench them·
seh'es, and where the arches of the warped plain
slowly rose athwart them the larger rivers per·
formed the task of maintaining their channels.
The deep water gaps where Yakima Riyer cuts
through these uplifted ridges affonl uomistakabJe
evidence of the success with ,yhich the riyer
accomplished this tn.sk of keeping its right of
way. The valleys between the ridges furnished
natural route for surface IYaters, and thus wan)
of the triblltaries of Yakima Ril er ha, e courses
consequent upon the warped hollo"s of the pene
plain.

the great thickness of lam sheets. In some pm·t.
of the area, however, there was yoleanic actil-ity
of this nature, one noteworthy locality being Bald
lllountain, at the head of 'Yenas Creek. On the
northeastern slope of thi. peak there are beds of
yellow tuff, full of angular fragmeuts of basalt
~Jass, which aggregate several hundred feet in
thickness.

The successil e flows of basalt e,entually COl ered
the "'hole regiou, changing it from a beautifuJ
area of hills and I'alleys to a monotonous wa,te of
black rock. From the borders of this le"eled
plain of basalt rose hills cOI'ered Idth luxuriant
I-egetation, and during cessatious in the erul'ti,e
actiyity soil probably formed upon the rough
smiace of ~he cooled Jaya an,l trees and shrubs
obtained a foothold, only to be buried later by
flows of mol ten rock or deposits of tuJl'. From
the surroundiu" countl"\" the streams II ashedo ..

grlll-el and sand out upon the basaJt plaiu, but no
depo.its of foreign material of this character are
known at any distance lIithin the margin of the
basalt area•.

Fluviatile deposits and conC'lll'rent er"ptioIl8.
Towawl the middle of the Neocene, the latter part
of the Miocene epoch, ba-altic eruptions ceasea in
this area. The piling up of such masses of heavy
rock material, masses to be measured by thonsands
of cubic miles, was undoubtedl.,· accompanied by
more or less subsidence in the central portiou of
the area covered by the LasaJt flows, aud the sub·
siuence also appears to have continued after the
ces.ation of the eruption of basalt, so that the
central area berame a basin in which sedimentary
deposits accumulated. Streams flowed tOlmrd
this depression and depositeu their loads of sand
and gravel upon the surface of the ba.alt. In the
Ellensburg region their contrihution was con
spicuously of foreign origin, consisting of pebbles,
bowlders, and saud derived from light-coJored
andesitic lava, which must haye been recently
erupted farther west. ~0 other rocks seem to
hal'e been exposed to erosion within the area
drained by these streams, and e' en pebbles of
basalt are very rare in the (leposits made by these
Miocene ri vel'S.

The eruptions of andesite began before the
basaltic eruptions ceased, since pebbles of anae·
sitic lava and pumice are found iu the bed of
Ellensburg sandstone beueath the Jatest sheet of
basalt (Wenas basalt). The character of these
eruptions to the west was quite different from the
fissure eruption of the basaJt, as is sho"n by the
abundauce of finel.)' comminuted I olcanic glass and
of large l)ieces of very light pumice in the ande·
sitic material. Such l-oJcanic explosions furnished
material readily sll-ept away by the streams, with
the resu] t that the latter became o"erloaded and
deposited gra,el and sand "'here,-er there was
even a slight decrease in the gl"a,le of the stream.
Where the streams eutered the generally level
basin of basalt these deposits were spread out in
wide allnyial fans, consistin" largely of coarse
material, ~ra,-els and sands interbedded, very com·
monJy "ith the cross stratification characteristic of
stream deposito. The portions of the Ellensburg
formation included in the Ellensbw-g quadrangle
thus represent flm-iatiledeposits made by eastward·
f1o,,-ingstreams, and are marginaJ deposits probably
of the same age as the truly Jacustrine sediments
laid down farther east in the same basin and now
exposed at White Bluffs on Columbia 1{iver.

Sedimentation continued during later Miocene
time' until at Jast 1600 feet of strata had been
accumulated. Snbsidence of the basin, a portion
of which was occupied by a lake, probably con·
tinued throughont this period, so that the tribu·
tary streams were able to continue to bring aOIl n
coarse gral'eJs, which indeed are rather more
prominent in the later beds of these marginaJ
deposits than in the earlier. Finer.grained sedi.
ments occur at se' eral horizons and may be taken
as indicating conditions of westward expansion of
the lake ,,-aters, in which these well·stratified
mnds were deposited unmixed with the coarser
contribution of the streams, which were checked
at tI,e western shore. Such conditions were only
temporary iu the Ellensburg region, allLI some of
the beds of fine yoleanic material may be of eoJian
origin, the showers of yolcanic dust ha, ing COI-
ered the flood plains oyer considerable areas and
also overJoaded "ith silt the streams themseIYes.

-

:YEOCESE PERIOD.

HISTORY OF ELLENSBURG Qr:ADRAXGLE.
•

Basaltic m"uptions.-ln the western portion of
the Nolth American continent the early Neoceue,

, or Miocene, was preeminently a time of yoJcanic
h actiyity, and nowhere are the pro,lucts of this
a volcanism more in evidence than in the basin of
l' Columbia RiYer. The Miocene basalt ha:; covered

'I" almost the whole area, and usually, as in the
I II Ellensburg quadrangle, this rock is ouly to a

small degree concealed by Jater deposi ts. The
I character of the surface over which the molten

basalt "as poured is shown along the margins
m of the vast pile of Jam sheets, as in the .Mount

Stuart quadrangle, "here, within a fe" miles of the
northwest corner of the Ellensburg quadrangle,

Pi' the basalt has been eroded so as to expose the
older rocks. The contact between the la ,-a and

; the underlying Manastaah formation indicates that
the first flows of the Yakima basaJ t issued upon a

o surface possessing considerable relief, but the
inequalities were soou obliterated by the flood of

n molten rock wbirh olerflo\\ ed el'en the deepest
'e J valleys and covered the hilltops.

t In the same locality dikes of coarse basalt can
t J be seen cutting through the older rocks and con·
tL necting with the sheets of basalt above. They
re were the channels through which the molten rock
e fouml its way to the surface, and to a large extent
, the eruptions appear to hale been of the nature
G7 of a quiet upwelling of extremely liquid lava,
5 which flowed for long distances oyer the surface,
ill finally consolidating as sheets 23 01' 100 feet, or

even more, in thickness. In the canyon of tbe
Yakima ten or more separate flows of this char-

a arter may be counted, amI indil-idual flows may
"I l" traced for great distances. Explosiye erup·

t:ons do not appear to hal-e been of common
occurrence, since the beds of tuff which represent
the fragmental material thrown out by such
explosions m'e insignificant wIlen compared with

Range outlinea, althuugh it lIlay be that the range
had an eyen earlier origin. Accompau) ing the
post.Cretac,'ous mountain gro" th I,ere intrusions
of granitic and other igneous rocks, which now
constitute a large part of the mass of the Korth·
ern C!Il'c:ldes. During all the time that IIny por
tion of this area was not cOI-ered by water the
rock. were exposed to the ,igorous attacks of
atmospheric agencies. Thus at the begil1lling of
the Tertiary the Xorthern Cascade region appears
to haye been a comparati,-ely rugged country,
~ [though not nece'sarily at a great ele,-ation abol-e
-ea leI el.

Puget estllary.-Dw·ing the Eocene period an
extensi"e estuary or arm of the sea occupied the
Puget Sound area and extended well oyer tOlmrd
the present axis of the rauge. Other large bodies
of ,mter, probabJy fre'h, existed iu central 'Yash
illgton, and in some case~ may eyen haye been

r' connected "ith the Puget estuary. Thousand
j of feet of arko,e ,edilllent. were depo,ited at
: this time, and in the:;e strata of Eocene age are
t included all the coal beds in the State that are of

economic importance. In this period also began,
the \oJcani.m tllat in later epochs became 80

characteristic of the proyince. The more extensi, e
basaltic eruptions, howeyer, occurred in the suc
ceeding period, the Neocene, when an :lrea measur·

I ing many thousands of square mile. was bw-ied
deepJy beneath the flood of laya. In portions of
this va:;t area, sedimentation within shallow-water

,hodieR immediately followell the eruption of
basalt, and the ~1iocene epoch closed with slight
tiltiug and folding of these deposits. The

_ erosion that followed the exposure of these beds
and the underlyiug rock. to atmospheric action
continued until the \\ hole region was planed
down to a lowland surface, pO.bessing only slight
relief. This reduction of the area to what
appears to deserl-e to be termed a peneplain marks
the destruction of the earlier Xorthem Ca,cades
as a monntain range, but Tertiary time probahl)=closed with the uplift of this leyeled surface to
form the present Cascade Range. This uplift at
its very beginning inaugurated fresh attacks upon
the rock masses by the streams, anu is so recent
that streams and glaciers hal'e as yet succeeded

<:: only in gil-ing to the mnge an extremely rugged
- I·elief.



YAKIMA DASAIII\

Definition of fm·mation. - The oldest rock
exposed in the Ellenshurg qllndrangle is the
ba,.,tlt which forms the larger part of the surface
of this area. 'Where not exposed at the sllrfl1Ce
it is covered by allu\'inm 01' otl,e,' ]'(,ck, at most
only a few hllndred fect thick, so that the form:t·
tion in reality nn,lerlies the" hole area. It is a
great series of lrt,·"Aows, the hase of which is not
reached, el'en in the dcep canyons, "ithin the
limits of this qltatlrangle. A fe,,- miles nOl'th of
Raid MOliutain, howeler, the South Fork of
Manastnsh Creek cnts through the "nsnlt, which
he,'e rests unconformably upon sandstone of late
I];ocene age. This fixes the age of tile Yakima
bnsalt as carly aml midule Miocene.

It is in view of the fact that the age or this
formatiou is ,letcrminable that the name Yakin",
ba.salt has been applie,l to it. In the reconnais
sance 8Uryeys of central and southeaster" 'IVll<,h.
in"ton b,> Russell and others, the names Columbia

" J
Jal>a and Colnmbia Rivcr 1M a hal e been used,
including not only the bnsalts of Eocene, Miocene,
antl pos~ibly of Pliocene age, but aho tl,e h) pers
thene-andesite of Pleistocene age. In tl.etailed
areal mapping, igneons rocks of different ages
mURt necessarily be separated, and therefore the
name Yakimn ha.s been applied to this formation,
which includes only the basalt flows anti. inter
bedded baealtic pyrocla.sti,·s, which are of Mioccne
age :1I1d constitute a series that can "e taken a" a
unit, since it represents the prouucts of a volt:anic
activity uninterrupted by any otl'el' important
geologic process.

Petmgmpldo olw,·act(,,'s.-The Yakima basalt
is it black rock, compact and heav). The weath
ered snrface is often brownish in color and some·
time" gray, but universalty the basalt as exposed
on the ridges or in the ri vel' canyons is dull and
sombel'. Petrographically the Yakima basalt i, a
normal feldspar-basalt containing basic plagiocla.<,e,
angite, and olivine, in crystals or ronnded grains,
with yarying amonnts of glassy base. Examine,l'
microscopically, the Yakima basalt is found to
vary somewllat in tJl(> quantitative mineralogic
composition I1S well as in texture. None of the
minerals occur as megascopic phenocr~'sts but the
labradorite crystals are more regularly developed
than either the angite or olivine. The olivine is
less abundant than the light-brown angite and
also varies more in the amount present in different
specimens. Apatite and magnetite are accessory
constitnents, the latter often occuning in delicate
skeleton crystals. Some phases of the lava,
especiall) in the basal 01' surfal,'e portions of a
flow, are "ery glassy and large masses of pure
basalt glass can be found. This jet·black glass
also forms fragments in the yellowish tnffs of
Bald Mountain. The large]" of these glass frag
ments have a rounded form and nndoubtellly
represent bombs ejected from the volcanic center.
As a whole the tuff beds and thc scoriaceous lavas
are less common thaI' the compact basalt.

The number of lava flows composing the Yakima
series can not be clo,ely estimated. At least ten,

snccessive eruptions of basalt are indicated in the
cliffs of the Yakima Canyon, but these are prob.
ably only a part of the total nnmber. Their maxi
mnm thickness over this area is to be measured
in thousands of feet. The flows are undoubtedly
thinner in the western portion, thongh a thickness
of Ol'cr 1000 feet is shown north of Bald Moun.
tain where the lava Ql'erlaps the older rocks. In
the Yakima Canyon over 2000 feet of basal tare
exposed, with neither the top or base of the series
of IIll'as sho\\'n.

Oolumna?' s!;r'llo(;u,'e.-The most noticeable fea
tnre of the basalt is its columnar structure, by
which the sheets of blal,'k rock R.re cOlwerted intq

IGN100US TIOeRS.

ured in Naches Valley shows nearly 1GOO feet of
sediment", while the 'Wilsou well in Wide Hollow
penetrates over 1200 fect of the Ellensbnrg for·
mation. In both of these localities it is evident
thnt crosion I,as remond t.he uppeJ' part of the
section. The earlier sediments illterlJetldeu with
the bnsalt lary considcrably in thickness. TIllIS
011 the Naches River section the thickness is 2G
feet, "hile ou the east side of Selah Gap thcre are
snn<lsLones an<l couglomerate 130 feet thick b<Jlow
the Wenas basalt.
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Medium to r'oa.~ grainNl Cl'OSS bedded hlu
ish-gray b:lIld~tone. with small pumice
pcbhlr---s........... . ,

'Vhite <;i1t .. _.. , .•.•......••.....•••... , .•.•••
Light-gray cru~~ lK'ddt.-u sandston\;; and silt...
Drah nnd gray tnfTace-ons ~'tndstonc, strllC't·

HI·eless. . . . . . . . . .. . _. . . . . . . . .. . .
Soft white tufT of fine l'ulllic-e frag'lIlellts .
Soft tulT:tCClOUS u.ndstonc, structureICfoi8 .
('ros~ bNldcd gray ~a.nd with pUlllice pebble::;

and interIJedded ilt. _ .
Fine dra.1J sam) and I:l\'cndN :-.i1t, interiJeducd
}'i ne l:l.vC'ndPT' tufT, stmd ureless , .
l."inc 1'-;L0l1 and clay, il'l'('gular stl'utiiica.tioll.. ,
Me<liulll-gl'aillcu sand, with scattering pebulcs

of pUlllice _., , .
Fiue light-gray ,.,am] and lavender colored silt
Dark-gray CI'OSS l.Jedded sandstolle, with small

pumir'c pebbles , .
Harel, gr:l)'ish to In'ownifsh, l1led.ium-grn.ined

sand'ltone , .
Coarl:le gray &llHh..tono awl tufT, with Japilli

in sandy JlJatrix , , ,._
FinC' s<lIl(l alld lnpilli. VaL'Uy eonsolidatctl. ...
'fuff, with anglll:lr fl'agments of andesite,

pnndce, uncI feldspar , , .. ,
Fine light gmy sandstone, with beds of silt

in upper part , lo' • • • •• • ••

Luvendcr shale , .
Light-yellow n.~1l llnd lavendel' shale, pu::.tiilJg

into fine sandstone _ _ .
Conglotllcl'ntc, with ~l!::Ull1; of smld, large

ande::.ite and pUlHit·c pehbles .
Mcdiulll to coarse, cl'o~-bedded, soft gray

l'H'lndstone, finer ill upper portion .
L:\\'ender eolored a.<;;h, felllJllithic .
Medium grained Iight-hrown to gn:..-eni::.h

tu(face-ous sandstone, with andesite :lila

pumice pcubl(',,; ' .
('ro..~-bedded ~and "\\ ith Japilli 1:U1d andesitc

pehble _ , . , .
"~hite tnf1', with slIutll anl;ular lapillL .
InterhcclOt.-'{l silt and "''llltl, dra.b colored, with

J:tpilli .
Fille hll1i"h g'I'a.) <..oft :.and.stone, with voekets

of lapilli , .
~lediulll COan:.e gra) ..andstone. _ .
Lavender tuff,\\ ith a medial bed of drub·

colored silt _ _.
C4)ar~e sa.ndstune, with lUuch fe)(]!',vul' a.ml

fine lapilli, finer toward the top .
Cour::.e light gn.Ly ash _ .
?!lediulIl-grainell light gra.y tulfa.ceoul) ~nd

.,tone, with angular lapilli. " ,.,
Medium- to fine· grained gray sundstone .
Coar6e atrcam bedded gray sandstoue, with

pchlJlcl:> of andehite and pumice .
Conglollicrate, wit h small pebbles of andesite

and larger pohhle~ of pumice; some sand
lenses , , , ..

Coarse lJull colored a,r.:h containing lUuch
fcldspal' , . . . . . . . . .. . ",

Gmy sund!)tone and silt " .
lo'ine Jight-gray ash, structureless .
SHnd :md gmYcl, stream bedded. velJbles 2

inches average diamcter, gravel finer in
upper portion , .. , ,... . .

rine gray ash. :-.trncturelcss, :-i1ky luster,
composed of fine particles of glass... , .. , .

Fine gra.y tuffaceous sandsooue, witi! lapilli
one-fourth inch in diameter .. , .

ConglomeratR interbedded with band; pel"
bles of black andebite 1 to 4 inches in
dialllewr , _ .

Wf.>nns lJasalt, two flowl:l. colUlllnar, with
vesicular upper burfa.ces. 2D feet in thickness.

Gray ash , , .
Light gray tuff, with pebbles of andesite .. , ..

--
Total sediments resting upon upper

tmrface of Yakima basalt .

•

F..l

Typical exposures of tlwfm~nation.-The Ellens
burg formation now occurs almost wholly in the
valleys, where it is generally concealed untler the
all nvi nm. The light-colored sandstones can be
seen along the banks of streams and irrigation
ditches. At Ellensburg there is a blnff composed
of characteristic beds of the formation near the
Normal School, ",hile in the vicinity of North
Yakima the Ellensburg sandstone interbedded
with the basalt can be seen in the bluffs overlook.
ing the river at Sellth Gap. The best exposure
of the rocks of this formation is that along the
lower course of Naches Riyer, where the white
bluffs extend for miles. It is also well preserved
in the upper valley of the river, in the vicinity of
Nile Creek, where cliffs several hundred feet in
height can be seen. Such soft rocks as these frio
able sandstoncs and loose conglomerates can not
1\ ell resist even the slight erosion of this arid
country, so that Ql-er large areas the presence of
the Ellensbnrg formation is barely noticeable and
is frequently indicated onl) by the bits of ande·
sitic pumice lying on the surface aronnd badger'
holes.

The composition of the conglomerate beds and
the prevalent stream bedding indicate that the
formation is of fluyiatile rather than lacustrine
origin. At seyeral points bowlders of andesite
measuring several feet in diameter have been
found in the Ellensbnrg conglomerate, indicating
that powerfnl streams acted in the transportation
of the material The original thickness of the
formatiou can not be stated. The section meas·
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Reddish brown cOIli;luUJt'I'ate, with large
bowlders _ .

Hard sandstone, with calcaroom, ll.lycl1; .
Coarse, grny, pebbly sand, cross bedded .
Brown tufTaceous Rand, with lapilli. .
Coar~ conglomera.te of andcfOite and pUllllCC.

Gra.yish-bl'own tufTacoon sandstone, with
pnmice pebbles .

'Veil bedded gra)' sA.ndstone lind lShale, with
pumice pebbles , .. , .

Bro\\ n tuffaceous s&mhtolle, pebbly .
.\.nde....ite conglomerat(' and partly con'>Oli-

dated :,nnd, with bOUlO pU1Ilice pebbles .
PUlllic(' and andesite cOllglOJnC'rate .
Fillc. cross-lH.:ddcd soH &'lndstOllc, with hNI

of angular )lullliec .
Coarse plImicp conglolllcnd,e , .
I·'inc gray sand and silt, with lUuch pumice ..
Pebbly saud, with pumice l>elJble~"" .
Pule la.vender soft shale , , .
Gray tuff and sand '. _.. ,."., .
r,ight brown fine sftlldstolle, grading up into

chocolate ('lay. . . . . . . . . . . .. . .
Pebbly sandstone, in part tuffaceous, with

intercalated layers of pnmice pebblflS nnl1
fraglnellts.,." , .

Andesite agglolllcmtc, Hoe gmiucll. . .
1l1edium.grained gray sandstone _.
Andesitic graveL _ .
Coarse sand and gru,\·('1. .. _ .
Hard Rand~.totle __ .
Fine to conrse, mediullI fine, gray :Uld IJrown

sand... with lapilli and pUllIicc pebbles .
Coarse sand, -with bowlders "tainecl brown .
Medium grained har<1stlncl"tonc .
Fine fimlpsite gnwel. with ('oan,e F::LIIlI, pal·t1y

consol idated. _. . . . . . .. .. . _ .
Gray tutraeeoul:! saml. \\ith Hue pumice .
Conglolllemte pebhles, M'eraging about :J

inche~, covered with dark-brown varnish ..
Fine light-gray tuffaceous sandstone .
nark gray coarse band, cross betIded, With

slIln.l1 an<1~ite pebble~...... . ,
Fine, to medinm g'rn.ined, light·gm,y tuffu

ceous 8andstone and silt , .
Andesitic agglomerate, fine grained _
Dark gray salHl. el'O.'),'; hedtlcd _. _ .
Conglomerate pebbles. mostly audCbite. with

a few of basalt, averaging about 2 inches,
obscurely cross bedded, with lenses of sand

Randy tufT, \\ Ith line lapilli. .
Fine gray sand, crol)/S bedde<.l .
'Vhite tufT, fin(' lapilli in tllatrix vI' felclsvathic

sa.nd , .
Light l.Jro\\ ui:sh gl'a.)' nsh .
Soft sand, .
Fine white silt .
Fine ligllt gray tufl"accous Iillll<lstolle and ai>h,

coarsel'in upper portion "" .
Coarse agglollleratic /Sandstone, cOlllposed ur

8ubangulal' fl':'Iglllcnts or andesite inter
stratified with gra.y sanel::;tonC!:i and ptltlliee,
tun, and conglomerate ,

Fine tuff, light g"ay, structllr~lebl5 .
Rough sandy conglomerate or amll'site peb-

bles .
nne Iight- to dark 1:P'ay hard &'l.ndstone, ill

part C1'OSS bedcle<.l with pumice pebbles.....
Fine light-gray S:Uldstone and brownish tuffa.-

ceous sandstone _.. _. . .
rine ligl1t-gray tufT, with lapilli .
Fine light-brown tuffaceous l:l<'l.ndstone,

structul'eless _ _.. ,. _.
Hard, light-gray, peubly b>.·U1dstone and intel'-

bedded tuff of fine pmuicc fragments _
Cross-bedded, sort grlLy sandstone. with

abundant pUluice pebbles."" .. _ .
Fine andesite agglomerate, gr:'l.yi::.h iJrown .
Cross-bedded, fine gray S<'l.ndstone and shfl.le,

with small pumice pebbles .
White and layendcl' shale, pa.,';;sing into bhaly

sandstone above, .. , . _ .. _. , .
Fine light- to dark-gra.y sanc.lstoue .
Crol'-s bedded dark gray 8.-'\ndstone, with

pwnice pebbles , _.. _ .
White shale , . , . , .
Fine to coarse, gray, tuffaceous sandli>tOlll',

structurelCfo;s, with. some pumice pebble.ts ...
'Vhiie shale and fine gray sandstone, inter-

hedded , , . _
Lavender and white laminated shale, in part

sandy .
Light }'usty·lJrown aggloUieratic s:.tmhitone .
Cross·bedded sand and gravels, pebbles with

blackened surfaces .
Fine-gn1.ined gray saniJl:ltone and !::lilt .
Medium grained tuff composed of lapilli. .
Light-gray sandstone grading into silt .
Conglomerate, with large anel slJlali andesite

pebbles and sand lenses , .
Fine, gray, soft sandstone alld silt, coarser in

upper portion. cross hedt1ed ,., .
MediUlu-fine light-brown tulTH<:cous l;U.lld!::ltone
Gray and greenish soct sand"tone aml Mndy

shale , . . . .. . .
Medium to coanie light-gray sanubtonc,locally

grading into fine conglomerate. , .
Fine, sort, light gray Sc'mustone and Javender

shale. _.. , ,
Coarse brown bilt , .
CongloUleratf:', finer ill lower portion .
Coarser cross·bedded sandstone, with pebble~

l,'ine conglolU<.'ra.te and medium grained Jight-
gru y So-wdstone. . . . . . . . .. . .

Coarse to fine. gray, cross-beddet.l bUnd .
Lavenuer silt and ash. with lapilli, white

above _._ .
Fine lapilli. unconsolida.ted .
Fine light-brown sandstone .
Coarse tuff, with rounded pumice l>ebbl~l) in

a sandy matrix. . . . . . . . . . . . . . . . . . . . . .. _. _..
Light-gray tUffaceoUb salldstone, \\ ilh lapilli
Fine andel:iitic agglollJer:tt~ , .
'Medium-grained, gray and y~lIow, soft. ero:-s-

bedded sandstone, with small pebbles_., _.
Medium to fine tuffaceollR sandstone. hutT

colored, slructurele5iL , .. , , . , , , ,
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Brown pumice sand, varying in texture Itnd

color, in part concealed, approximately ....
Rrown pebbly 5.'tndstone or conglomerate,

with small bll&\.lt pebbles in a matrix of
ashy sand .

Gray and browll sanObtoncnnd pUUlice sand ..
Conglomerate, andesitic pebbles, with a few

hasaltic pebbles, in ashy lllatrix: , .
Brown tnfTaceous sandstone, with much

pUll lice ,., ,., , ,
l~al't1y consolidated sand, colupo&!d mainly

of pumice grains .
Soft, light-gray ash .
Brown pumice &'tud. . . . . . . . . . . . . .. . .
1")orOllS sinter .
Coarse, brown, tu1Juceon.s ~lUl, pal't1y COli

bOlidatcd _.. __ _ .
Coal"le. soft, gray sa.nd.stone, cOUlj)o:-.ed uf

angular ande:-.ite fragments_. _ , .
Yellowish-whit.e pumice- cOllgloJl)el'a~ , .
Fine gra.y sand, silt, and pumice salld well

Rtratified _ _. . . . .. . .
Coan:;e- to fine·g-raiued, brownbh-gl·a.y, ~oft

tuffaceous sandstone, with pUlIlice and
ande.bile fragments .. "., _ .

Pumice conglOJJlerat;e;, and iuterlJedded tulTa-
c('()w; sandstone...... . _

Hard, fine gl'ay sandstone , .
Fine hrown snnd. partly consolidated _
Grayish urown sand, with a few pumice peb·

bles._ .

Volcanio origin af matm'iat.-The Ellensburg
formation is of the same age, therefore, as the
Mascall formation of theJuhn Day Basin in Oregon.
Like it, the EJlenshnrg formation is composed
largely of volcanic se,liments, whicl, are of foreign
origin. Pcbbles or bowlders deri"ed from the
nnderlying basalt are only l'llrely seen, the COil·
glomerate beds being composed of pebbles of
light·gray and purple hornblende·andesite and of
",bite punllce of the slime composition, while tbe
sandstones and shales of the Ellensb11l'g formation
consist of finely comminuted audesitic material,
"'hich represents in part the ,-olcanic ,lnst from
(>xplosive eruptions. The lal'a from which these
pebbles and bowlders were derivNI is not exposed
\\'ithin the Ellensburg quadrangle, hnt undonbt
cdly OCCIll'S in the mountains to the west.

The <.Iistincti,-e character" of this formation, its
andesitic composition, and the ('oarseness of the
material, as well as the common OCCUl'l'ence of
cross stratification or stream bedding, are best
shown in the following descriptiJ'e section, which
was carefully meas11l'ed by Mr. Calkins along the
bltdfs north of Naches River.

So far as known, the first colleclion of rO"ll plants
made in the vicinits of Ellensburg, "''"ash., was obtained
hyl\fr. J. S. Diller in the spring of J893. This isa sIDall
collection, embracing' ouly half a d07.en pierc8 of matrix,
auel was made at a point about Gmiles sontheasiof Ellens
burg. It contains several species, the most abundant
a Ull characteristic being Platanus dissccla JJfflq.

III 18!l~ Mr. 1. C. Russell ohtained from tbc same
localitj a cOJl~it1el'able ('ollcctiou, in which I was able to
rccogub:e teu spccies.;:~ I have recently ~tudif'd this col
If'ction again, and present the following list of species:

SaliQ; vU1'ians Gupped.
.::3alix pseudo-u1'gentea Knowlton.
Populus glandulife1'a Heer.
Populus ntsselti Knowlton.
Alnll~' sp.
Ulmus califm'nica Lesquerenx,
Ul,nus pseudo-julva Le~quereu",

Platanus dissecta Lesquereux,
l~latanusace1'oides1 (GOppert) Heel",
Diospyro:.,· elliptica Knowlton.
Jfaunolia lancenlata Le~quereu:l.

I b:1\'c recently rcceh'Cll all 3rl<litional sma.ll C'ollcction
made at Kelly Hollow, ',cuas Valley, h.) Mr. Geo. Otis
Hmith. rrhc following forms are represented:

Sali.v engelhardti Lesquereux.
."juli.,; pseudo,a1'yenlea Knowlton.
lli<:1.tS ol'egoniana L~quereux. Slllalilenyt>S.
QU",'CUS pseudo ly1'ata LeMluerelix.
QuerC1l8 dayana Knowlton.
])iospyros elliptica Knowlton.

'l'he matrix of the specimens in all thrpc of these col
lections is similar, heiug a white, generally fine-grained
volcanic ash. It is identical in appenrance ,dth that
from Van lIorn's rallf'h (J\I:ascall beds) iu the John Da.y
Basin, Oregon,

Of the I f) forms above enumerated 12 or 13 are found
in great.er or l~ abnndauce in the )[ascall be<1.~, anti

r do noL besitate k refer tbe Ellenshurg matcrial to tbis
horizon. Tbc MascaU bctl8 nre rcguru",l ..., heing Upper
:Miocene in age,

* See Hull. U, S. Gool. Survey 1\0.108: A geologiCflI J'econ
noissance in central 'Va.'ihington, by I, C. RUlt>seJI.

ElIetl~bul'g.

l;eftion of Ellensburg formation alon,fJ the north sille of
Naches Valley.

•

family. The Manastash sandstone which under·
lies the Yakima basalt contains an Eocene flora.
The follolring report on the fossil plants from tI,e
Ellensbnrg formation has been made by Dr. F. H.
Kno\\'lton:

,

•

•

\

, •
, • J



•

eastward to the gap ma,le in the ri,lge by the
Yakima the e:>.-posnres are so pour as to render
the relations obscure. East of tlle river the struc
ture again consists of an anticline and syncline,
with a fault nlong the southern limb of the latter
fold. West of the gap this fault trayel'Ses the
center of the syncline, while the anticline to the
north is also only partially ShO\YII, because of
erosion by the river. The fault 11Iay continue
across Shnshuskin Canyon, hut the only evidellce
on this point is the ohsermtion of a southern dip
in the next area of sand~tone.

Along this northern slope the geologic structll re
has little or no conlleetion w~th the sllliace COli·

flguration. There is no uisplacement along Mnn.
astash Creek, auel the fault near the eastern eU2:e

~

of the quadrangle produces no scarp, and, indeed,
farther east faJls south of the face of the I'idge,
showing that it hns had 110 part in the ele\-ati"n
of the ridge. Along the crest and the southel'll
slopes of lIIanastash Ridge there is II nearer
approach to a direct relation between strncture
and topography. Three "mal] remnants of sand·
stone sho\\ that the present snrface is near the
upper surface of tI,e hasalt, nnd exposllres of the
basalt as seen in the shallow gulches indicate a
general paralleli 'In hetween the flu I\' S of tI,e basalt
anu the sloping surface. Thi; slllface is partially
cO\'ered wi th yery fine soil, I\'hich OCCllm in
mounds from 3 to 5 feet high and generally of
irregular outline, althOl",h the smallest one. are
often perfectly circular in plan. In diameter these
rangc f!'Om 10 feet to 100 yards or more, and
one mound includes an area of at least se\'eml
acres and is Cldti ,-ated. The soil is light culored
and contains no pebbles, so that the contlll't
between this and the underlying basalt is sharp.
Between these mounds the surface is pa\-ed with
angular blocks of basalt, the scanty soil being
quite red in color. ,Vind appears to have been
the effeeti\'e agency in the formation of these
mounds, which represent residual portion of the
layer of silt-like soil that once coyered the whole
surface.

UrnptanurnRidge.-The next ridge to the south,
Umptanutll Ridge, is se\"eral hundred feet higher
than Mauastash Ridge, and maintaining its crest
at a nearly unifurm ele\·ation. is cnt through hy
Yakima Riyer jllst east of the edge of the quad.
rangle in a gap whose hrink is nearly 11J00
feet higher than that of the cOrTesponding gap in
Manast:lsh mdge. Again, the ridge is unsyllllllet·
I'ical, the northel'll slope being the steeper. At
its western end it appnrently divides. one part
extending westward and the other northwestward
and connecting \\-ith Manastash Ridge. The
structure of the ridge is plainly anticlinal, as is
shown in the \'ery perfect arch at Umptanutll
Gap, where over 2000 feet of Y"kima basalt is
exposed. At some points the crest of the arcl,
and the crest of the ridge coincide, but at others
the upper portion of the fold is wanting, the flat·
topped crest being Cllt across the uptul'Ded sheets
of basalt. In the western continuation of Ump.
tanum Ridge the anticlinal structure is well shown
\I-here the NOlih Fork of ,Venas Creek has cut
through the arched basalt, and also in the smaller
canyon 2 miles east of that point. The anticline
forming the main part of the ridge has a low pitch
to the west, so that the upper flows of the basalt
are found nenr the western end. Along the
northern face of the ridge therc is a prominent
outcrop of black basalt, making a scar that sug·
gests a fault. This line is pamllel to the strike,
and any displacement must hM'e been on the plane
between two sheets of hasalt. At another point,
hO\\'e\'er, an eyen more prominent feature of this
sort wa.o seen in section and there WM no displace
ment, while at Ulllptanllm Gap it is eyident that
if any faulting of the nature sllgge tell is present
on the steep north linlh of the anticline it is of
minor importance, aud in no respect is Umptannm
Ridge of the nature of a faulted monoclinal fold.

On the south side of the ridge the upper slopes
are gentle and, as nearly as can be determined,
haye the same inclination as the basalt sheets.
Nearing \Venas Valley, howe\-er, there is a sharp
change in the slope and an e\'en greater change
in the di l' of the rocks, so that the upper sheets
of Yakitlla basalt, as well as the overlying beds of
saudstone and sheet of Wenas ba.salt, are sncces·
si vely crossed. A t the we"tern end uf the ridge

jfnnastash Ridge.-Manastash Ridge, with its
eastward continuation, Bea\'eTiail Hill, forms the
southern wall of Kittitas Valley. It has an eleva·
tiou of from 1000 to 2000 feet above the \'alley
£001', and to thc west merges into the more elevated
plateau north of Bald Mountain. Farther east
Bea\'ertail Hill appe:lrs to unite with other ridges
to form the height known as Saddle Mountain,
which is cut through by Colnmbia Ri\-er at Sen
tinel Bluffs. The northern slope of Manastash
appears abrupt as \·iewec.l from the vicinity of
Ellenshurg, but nowhere does it deserve to be
termed a scarp except where Manastnsh Creek or a
meander of Yakima River has modified the original
slope. The southern slope is gentle, and hardly
noticeable nntil the brink of the canyon of Ump.
tanum Creek is reached.

The geologic structure of Mana.~tash Ridge is
anticlinal. Along the higher portions, wherever
the dip of the basalt sheets can be determined, it
is with the slope of the ridge and generally
approximately equivalent to that slope, and this
relation holds on the lower sonthel'l1 slope as well.
On the northern slope the structnre is less simple.
Near the forks of Manastash Creek, and thence
westward, the canyon walls show that the bllsa.Jt
plateau has been trenched by the stream, and that
the ridge to the south is largely an erosion form.
East of this point a syncline in the rocks can be
detected, ,,-ith its axis immediately south of the
creek, as shown by the exposmeR of Ellensburg
sandstone overlying the basalt. East of the mouth
of the canyon this syncline gives place to two
synclines with a low anticline between, all of
these folds being parallel with the larger anti.
cline of the main ridge. From this point sonth.

In the region bordering the lower valley of
Yakima Rh'er the relation between the structure
of the rock ,nMses and the present coufiguration
of the smface is very intim:lte. On this account
the strnctural geology and physiography will be
discussed together in the following descriptions of
the principal features of the relief, which will be
found to be directly related to structure. Fiye
anticlinal ridges cross the quadrangle with a
general east·west trend, and thesc are described
below in tUI'll, heginning with the northernmost.

AIOUNTAI:L\ HIDGES.

STRUCTURAL AND PHYSIOGRAPHIC FEATURES.

grow.

Sit/face wash.-Surficial material n,ore or less
closely allied to allm-ium co\'el'S large areas other
th"n the \'alleys. The smface of much of the
plateau country is strewn with basalt fragments,
the result of disintegration of the underlying rock,
but e\'en upon the steeper slopes such detritus has
suffered relatively little transportation. In other
localities a layer of much finer mateI'ial covers the
snrface. These surficial deposits extend down
the slopes aud unite with the valley deposits
below, so that to some extent the mapping of the
latter must be arbitrary, but in other cases the
line is sharp bet\\-een the rock waste of the "lope
and the alluvium of the bottom land.

lVind-bknvn volcanic sand.-Another t) pe of
surface material consists of thin layers of volcanic
sand founel at manv localities in this and other•
part; of the Cascade Range. The deposits occur
usnally upon the flat tops of the highe"t peaks or
in hollo\\'s upon the slopes, where there is pro·
tection frOIU erosion by l'Iluning water. The sand
is composefl largely of feldspar and pyroxene
cr) stals, and is thus of a character that would
suggest its derivation fTom some yolcano of the
Rainier type, the finer material ha\'ing beeu
carried by the wind to its present positiou.

Olut1'actel' qr all1Jvill1n.-The yalley a!l\ll-iuIU is
pre\'ailingly fine graineel, and of a character that
rendel'S it of great \-alue for agricultural purposes.
In the 100ver \'alleys there is considerable fine silt,
the depu,its of which become thickerfarther south
in the \'alle\- of Yakima River. The cOal'Ser

•
alluvium, sand and gral'el, is confined in its distri-
bution to the vicinity of the larger streams, bu t
now here are these areas of coame material
extensive. Such gra\'el fiats can be seen near the
junction of Naches and Yakima ri,ers, where they
form low terraces, but eyen here the gra\'el con·
tains sufficient fine soil to enable frui t trees to

DiV81'sity oj age.-The alluvial deposits of the
valleys doubtless vary mnch in age. In Cowiche
Valley the allu\'imu borders the ,treams "'hich
have trenched the terrace of Cowiche gravels, so
that here the valley alluvium is plainly the younger.
Elsewhere the alluvium of the valleys may be as
old as, if not older than, the Cowiche gravels,
while along Naches River it consists of grayel bars
which mark the extent of the last flood stage of
the river. As mapped, this formation includes the
deposits made hy the streams upon their present
flood plains or thoseabancloued within recent timeR.

VALLEY ALJ~UVIU!lor.

•

l

•

These deposits are of only local importance, and
occur in the valley of Cowiche Creek in a broad
terrace which slopes to the southeast. Their
deposition was caused by the damming of the
Cowiche creeks by the stream of Tieton andesite
lava, conditions that were both local and tempo
ml-y. The presence of granite, quartzite, and grit
pebbles in these gravels, as well as the occurrence
of a few large bowlders of the same rocks on the
brink of Tieton Canyon, serves to show that the
Tieton waters oyerflowed into this basin for a
time and contributed somewhat to the Cowiche
gravels.

The surface of the terrace is covered \,-ith finer
sediment, which furnishes a soil that is fertile and
that would be well adapted to agriculture if
water were a\'ailable for irrigation.

COWICHE GRAVELS.

8l;RFIClAL ROCKS.

4
•

more or less glaosy, shows the £o\Yage texture of
andesitic IM·a,. It is more closely related in com·
position to the andesites from \\'hich the material
of the Ellenslmrg conglomel'l1tes was deri\'ed, but
in the latter, hornblende is a more common con
stituimt than hypersthene.

The Tieton andesite, hO\\'ever, is plainly much
younger than either the bMalt or the Ellensburg
formation, since it occupies canyon" and \-alleys
eroded in these. The rock is reularkahly fresh in
appearance, and the surface of the andesite plateau
bet-,een Naches Ri\-er and COI,iche Creek has
apparently not suffered from erosion, while the
margin" of this flo\l of andesite have been only
slightly modified hy the streams flowing at the
base. The la\"a is seoriaceous in parts of the flows,
like the basalt, while the columnar structure
exceeds in peTfection eyen that seen in the Yakima
and Wenas ba.~a1ts. At Pictured Rocks, near the
mouth of CO" iche Creek, the long columns form
immense aggregl}tes, in which the indi\'idual
columns cur\'e so as to he normal to the outer
edge of the flow, and near the mouth of Tieton
Ri\-er columns in one of the andesite flows measure
nearly 200 feet in height, apparently w-ithout a
break.

OOcll""ence oj agglomel'ates.-Near the western
edge of the qnadrangle, both on Naches Riyer
and in Tieton Canyon, the Tieton andesite is com
monly in the form of coal'Se agglomerates. Ande·
site tuff and conglomerate, red and. pmple in
color, make up the conspicuous cliff known as
De\·ils Slide. In the lower Tieton Canyon the
lava predominates, and at the point where the
former ri\'er valley is shown in section the andesite
filling can be seen to consist of three distinct flows
of lava. In other parts of the canyon there are a
number of remnants of the la,a, the ri\'er ha\'ing
practically cleared its old channel but having left
these portions of the former filling hanging on the
canyon wall. In such blocks of andesite the
columnar parting can be observed to be at right
angles to the basalt surfaee against which the
molten lava attached it~elf.

Relatifyn to Mount Rainier volcanism. - The
Tieton andesite is closely related in petrographic
characters and in age to the lavas of Mount
Rainier. Its occurrence along the ,,"estern edge
of the Ellensburg qUlldrangle indicate the origin
of the flows to ha\-e been some,,-here in the high
mountains of the adjoining Mount Aix quach·an.
gle, and suggests that the volcanic center from
which the hypemthene·andesite was erupted,
although on the eastern slope of the Cascades,
was not far distant from Mount Rainier, and,
further, that this volcanic activity is also connected
in point of time with that which built up the
great cone of Rainier.

TIETON ANDESITE.

Distinctive cl!aracte'·s.-The la\ a that flowed
down the canyons of Tieton and Naches rivers
differs in composition from the basalts. It is
generally of a lighter color, gray or purple, and
when black it contains many white crystals of
feldspar, making it plainly pOl'ph) ritic, which is
not tme of the basalt. In composition this rock
is less basic than the basalt and is characterized
by the presence of the pyroxene known as hypers·
thene. Plagioclase is the other important mineral
constituent, and the gronnflmass, \\ hile usnally
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, regular colonnades. Huge prismo, severaI feet in
• diameter amI scores of feet in length, stand out
I from the canyon walls in a mauner so characteristic

of this rock that the term ,. bas.~ltic structure" is
• often applied to it. These prismatic columns owe
, their origin to the contraction-of the cooling lanl.
c The joint planes due to this shrinkage of the rock
• \I-ere normal to the cooling surface. so that now
" the columnar parting of the rock is \ ertical
I where,-er the sheets remain iu their original hori·
• zontal position. Horizontal cracks di\ ide the
j column. into shorter hlocks, which u.ually, how·
'; e\'er, fit so closely together as not to detract from

the geueral effect of the"e row. of columns.

WEXAS BASA..I,T.
"

1 Po"it'wn and character.-The ,Veuas basalt
f O\-erJies the Yakima basalt and is separated from
, it by a \-arying thickuess of Ellensbmg sandstone,
J as noted above. The two basalts do not differ
f much iu age or iu general "ppearance, and in fact
, thei.r petrographic similarity would not justify
1 the separation, which ho,,-e\-er is nece oary from
c stratigTllphic and structural considemtious. In
h Kelly Hollo,,- the ,Yenas basalt is about 100 feet
h thick and consists of two di-tinct flo\vs, the upper
'. columns beiug massive, wllile the lower columns
e are characterized by horizontal sheeting. At
Q other localities in this \'icinity the basalt appears
If to be in three flows. Ou the south slope of
h L'mptanum Ridge the Wenas basalt \'aries in
I( thickness from about 20 feet at the western limit
IE of the flow to o\-er 200 feet near the eastern edge
il of the quadrangle. Along Naches Ri \'er the
,r 'Wenas basalt occurs in two flows \vith a total
,n thickness of 25 feet, but at Selah Gap the original
'C thickness was somewhat greater.
l( Lirnitation in rnapping.-In the western part
'e of the Ellensburg quadrangle the Wenas basalt
'] is absent at points where the section is well shown.
-h A. indicated in the preceding pamgrapll, the
IS ,Venas flows thin ou t to the west, and at se\-eral
,I places their western limits can be accurately
Eo fletermined. At othel' localities, llOwever, it
,to becomes impossible, from insufficient exposures of
th rock, to state whether or not the Wenas basal t
til and the interbedded sandstone are present. On
01 the north side of Manastash Ridge there are some
re indications of a thin sheet of ,Venas basalt west

of that mapped; so also on Atanum Ridge the
presence of interbedded basalt and sandstone was
ascertained; but these sheets were too thin and
the exposures too poor to permit of representa.
tion on the geologic map.

Platy stl'llctlwe.-The basalt exposed for seyeral
01 miles along Atanum Creek below Tampico shows
a( beantifully an exceptional type of columns which
y( was commonly found in the Wenas basalt, but in
C the absence of any other proof the particular mass
al has been mapped as Yakima basalt, since the same
E strncture has been obsen'ed in basalt uudoubtedly
su of that age. The columns of this type are well·
d defined prisms that measure several feet in diam
bl eter and are peculiar from the close horizontal
oj joints, along which, when struck with a hammer,
Sl the basalt breaks like a shale into thin plates. In
n( \'iew of the fact that, whether in the Yakima or

the ,Venas basalt, this structure is always found
in flows that were soon succeeded by sediments,
the development of the platy joints may ha\'e been
due to the presence of surface waters. The con·

St traction of the consolidated lava would first cause
in the development of the vertical joint., dividing
m the mass into prisms. If, theu, surface waters
VI found their way into the still cooling rock along

tl,ese vertical planes, the further aud more rapid
b< contraction might cause the development of many
Df joint cracks normal to the cooling surfaces, di\-id·

ing the colnmns into horizontal plates.



]tEJ~A'rrON 01<' PI';NEPLAIN In:I'(Jltj\fA'!'Wl'\ '1'0 HOCK

STJ{U(,TUJU'~.

In the foregoing discussiou of the riuges and
"alleys of the Ellensbnrg qnaumngle it has been
shown that, while these features are mainly struc
tural in origin, yet thp surface slopes do not exactly
eorrespond with the rock dips. The crests of the
ridges as well as the floors of the "alleys are eroded.
surfaces, so that ]lowhere probnbly is the total
original thickness of the rocks presel'\'ed_ Thp
lack of conformity bet,,-een smiace and structure
shows that the origin of these anticlinal riuges
and synclinal valleys has not been a simple one.
The process has consisted of two orogenic uplifts
sepal'ated by a period of erosion_ As stated
under the heading "History of the Ellensburg
quadrangle," the earlier flexing of the rocks was
followed by reduction of the region to a lowland
sUliace, the perfection of the peneplain being
shown in localities where hasalt and sandstone
ha"e been equally reduced. The warping" hich
followed. the period of erosion uplifted the pene.
plain somewhat and com-erted it into a succession
of parallel ridges and yalleys. Subsequent ero
sion has modified this structural surface so little
that throughout the greater part of the area the
warped peneplain can be easily seen in the many
remnants of its actual surfaee.

Amount of em·lie}' folding 'It' tlw ,·oclcs.-The
d.iscorclance noted between surface slope and rock
stl'Ucture is a measure of the earlier flexing of the
rock. Where the surface slope is parallel with
the rock dip the conformity of surface and struc
ture indicates that during the period. of planation
the rocks at this point were horizontal, so that
the erosion surface coincided with a structural
surface. Sueh a relation undoubtedly ho]us in
portions of the basal t plateaus in the west.Prn
part of the -quadrangle, shoy, ing the absence of
earlier flpxing_ Upon the tops of the lidges and
along the centers of the valle) s there are also
places where this conformable relation holOs,
indicating lines of parallelism between the folding
and the subsequent warping. In these cases of
the crests of the arches and the bottoms of the
troughs thel:e has b~en. vertical moyement, locally
unaccompallled hy tIltlllg_ On the sides of these
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location of these drainage linps. 'fhe latter rivC!'
has reexc'avate,l its canyon to a depth of about
2000 feet since the Pleistocene eruption of and.esite.
Atannm Creek with its Sonth Fork has mainly n
structural "n]Jey, but the North Fork crosses tIle
southwestward continuation of Cowiche Monn
tain, and its canyon-like yalley is plainly erosional
- _.
111 ongm.

The master stream of this region,Yakima Ri vel',.
is a good example of a stream \\ hose course ante
dates the structnre_ While thi riyCI' touches this
'luadrangle at only two places, it is close to the
eastern boundary, and along it the stl'Ucture of
the rid.l{es is the same as t]Iat already describell
in this text. Yakima Canyon bl'tween the citips
of North Yakima and Ellen,IHlrg is one of the
impressi"e canyons of the countl'y. Tra,'ersed by
the main line of the Northe1'll Paciflc R'\ilway, it
affords an excellent opportunity to obsen-e tl,e
pictnresque struetlll'e of the ba~alt, the rows of
prismatic columns bping often so rcgular as to
sllggest the work of human halllls. The winding
canyon, moreover, reveals no Jess clparly the
broader structures. The arches in the basalt-Man
astash, UUlptannm, i::ielah, and Atanum ridge-
are cut llirectly across, anll the evidence of the
ri"er's illuependence of the geologic structure is
conclnsive. This ]lurelyantece'lent cbaracter of
the ri,-er is also "howu hy the fact that the gap.
are cut, not across 10" er portions of the ridges,
except possibly at ::-lelah Gap, but in se,-eral
instances where the ridge is higher at the brink
of the gap than else,,-here_ The nLOst .tri king
case is at Union Gap, south of North Yaki'"a,
where the ri"er has cut to II depth of />00 feet, and
yet a few miles to the east there is a low gap of
structural origin. Had thel'e heen ponding of the
Yakima water by rea<;O\J of the uplift of tIle
Atllnulli Ridge, the lower gap" ould ha, e hecn
the lIatura] point of overflow_ Thus Yakima
Ri,-er has ",aintained its com-,;e during the uplift
of the l'Cgion, and tr",-erses both the ridges mill
the valleys, its o,,'n ,alley or c:lI1you l,eiug of
plll'ely erosional origin_

Valley, a broa,1 topograp],ic feature that extenlls
ea twaru '" far as Colmllbia Iti ,er.

The valley of Atltnum Creek anu'Vide Hollow
is the next ,'alle~- that is predominantly structnral
ill character. Moxee is the corresponding valley
east of Yakima Rivel', and the same strnctural
line is continued across the divide into Rattle
snake Valley, which slopes eastward toward. the
OolumlJia. In this extensive system of east-west
"alle) s the topograpl,y is directly related to the
folds, nnd the rocks dip down frolll the fJonnding
ridges at angles somewhat steepel' than the smiace
slopes, with the result that the Ellensbmg forma
tion floors the \"alley, al though it is absent from
the ridge tops. In the lower part of Wide Hollow
the tllickness of saud stone remaining in the "nlley
is oy-er 1200 feet.

If,i'osional valleys.-Cert:,in of the stream yal
leys haye characters that show them to ha,-e had
a less simple origin than that given al,o,-e. Manas
tash Creek, for instanre, enters Kittitas Vallpy
from a straight canyon, aboye which Manaswsh
Ridge rises ahruptly_ Examination of the basalt
section exposed in the canyon walls sllO"-s that
the canyon does not follow any line of displace
ment, but is near a synclinal axis. Stream te,'
race Lleposits OCCUlTing nearly 500 feet above the
present stream level indicate an earlier and broadpl'
,-alley of synclinal character, in which .Manastash
Creek has trenched the present canyon. In a
somewhat similar manner, Umptanum Creek in its
lower course has excavated a can)-on o,-er 500 feet
helow the floor of the broader Umpwnum Valley,
the canyon l,eing neal' but not coiucident wit],
tIle synclinal axis_ Kittitas Valley, also, while a
structural basin, ,Ioes not presen-e its original
surfacp, but has heen modified by stream erosion,
which has lowered the floor of the valley and in
some parts coy-ered it with a thick mantle of
stream deposit. TIle meS<"1 on the east side of
Ellensburg doubtless represents a remnant of the
olu flool' of this structm'al basin.

In the 'Venas llrainage there are erosional
features in the valley that is itself broadly
structmal. The North Fork in its upper course
tr,,,-erses a syncline, but before joining tbe South
Fork it cuts througll an areh of basalt in a short
canyon, which is in markeu contrast with the
broader nilleys both below and above. About 5
miles below, the main creek flows in a narrow
,-alley cut in the basalt of the small anticline
mentioned aboye, The presence of a well-marked
parallel valley next to the slope of Umptannm
Riuge in this portion of Wenas Valley, as well as
a less perfect one ou the Oleman Monntain side,
both of these side ,""lleys being unoccupied by
streams, renders the cpntral canyon more notice
able, yet serves to assist in its explanation. The
'Venas drainage occnpied a synclinal, alley, which,
however, suffered later structural modifications.
An arch rose across tI,e North Fork, but so slowly
that that stream maintained its right of way and
cut the 500-foot canyon in the basalt. Below,
along the axis of the wide synclinal "alley, another
anticline was upraised, and again the mO"ement
was so slow that the course of '" enas Creek "'as
not shifted. The npward mo,'ement continued,
but the stream kept on cutting, until now the
creek flows in it~ narrow canyon-Ii ke valley,
several hundred feet below the level of the
upraised portion of the old valley floor, which is
preserved in a number of mesas on either side of
the creek, well shown on the topographic map.
The back valleys represent parts of the synclinal
valley unaffected by this central uplift. The
small streams from the ridge.. cross these back
valleys and reach the main creek by short, steep
sided cuts between the mesas. In one case a
seasonal stream of this type at times divides upon
the alluvial fan it has thrown out into the back
"alley and reaches Wenas Oreek hy way of two of
these cuts.

The course of Naches Ri,-er south of Oleman
Mountain is approximately parallel with a syn
clinal axis. Above Nile, howp,-er, the ri"er is
north of the center of the syncline, while within a
fey" miles of North Yakima, as has been noted, it
cuts directly across the anticline of Cowiche
Mountain and Selah Hidge. The Naehes and its
principal tributary, the Tieton, ha"e canyons that
are the result of very effpcti ,~e stream erosion, and
structlll'e ]lflS played a sul,ordinate part in the

VALLEYS.

The ,-alleys of the Ellensburg quaLlrangle are
uot less interesting features than the ridges, tina
in h,rge part they are closely relate,l in origin_
Two types of valleys may be Llistinguished in this
area: tllC broad "alleys, which extenLl generally
ea<;t and west and are trans'-erse to the course of
Yakima Ri ,-er, which crosses them in their medi'll
portions, and the narrow canyolls, lJJUch less
prominent, hut occupied by the largel' streams and
ri,-ers_ The former type is characterized by a
noticeable corresponuence between topography
aud structure, so that these valleys deser,-e to be
termed structural, while those of the latter type
are largely erosional in origin.

Sh'uctu"al valleys_-The characteristic of the
structural valleys is their independence of the
important streams of the area. To no consider
able extent are they the result of stream erosion,
and when occupied by streams it is because the
yalleys afford natural drainage lines, not because
the streams represent the agency prodllCing the
valleys. Kittitlls Valley is an exanlple of this
type, but since only a portion of it is included in
the northeast corner of this quadrangle, it will be
described but briefly_ It is a basin of somewhat
irregular outline, with longest dianleter over 30
miles, from northwest to southC<'lSt. Yakima Ri"er
drains the valley, but is close to its we>;tern margin,
while much of the eastern part is occnpied only
by small seasonal streams. The rocks on all sides
of Kittitas Valley dip inward, wllile in the bot
tom of the basin they are nearly horizontal.

Umptanum Valley is a rather sl,allow depres
sion between the two ridges, with its floor high
abo,'e Yakima River. Ea.•t of the river the val
ley of Squaw Creek mllrks the continnation of
this structm-al valley, which extends almost to the
Columbia.

South of Umptanum Ridge the short valley
occupied by Roza Creek has a synclinal structure
and is continued east of the Yakima as Burbank
Oanyon_ The valley of Wenas Creek between
Umptanum Ridge and Cleman Mountain is also
plainly synclinal. The rock fold underlying the
valley is unsymmetrical, the steeper dips being on
the northern siue, and opposite the C<'lSteru end of
Cleman Mountain the structure is complicateu by
the occurrence of a minor anticline along the center
of the syncline. The snrface uistribution of the
sheet of \Venas basalt in this part of \Venas Valley
shows the presence of the folll and its relation to
the larger syncline. The lower valley of the"renns linds its eastel'll contiuuation in Selah
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2 miles east of Selah Gap, At Selah Gap the anti
cline sho,,-g a slight sag or cross fold, the anticlille
pitching differently on the t,,-o sides of the ri,·er.

A special featnre of Co,riche Monntain is tile
spur making off to the north, forming ('owiche
Basin ill the angle between the spur and the
mai n ridge. This structllre and the consequen t
preservation of the sandstone lying on the basalt
surface are due to folding, there being no possi
bility of tI,e presence of a fault. Two local
domes southeast of Cowiche Mountain ha'-e caused
the basalt to appear from beneath the Ellensburg
sandstone_

Atanum Ridge.-The most southern of the
ridges here considered is Atanum Ridge, which
also begins in the high platean to the west and
extenus almost dne east ahont 70 miles to the
,-icinity of the Columbia, tIle eastern half of the
uplift being kno,m a~ RattlesnakeMOlll1taiu. The
crest of the ridge is narrow, and presents a regular
sky line, with slight eastward slope. Structurally
Awnnm Ridge closely l'esembles the lidges to the
uorth, and the bl'oad al'ch in the basalt is ,,-ell
exposed at Union Gap, II mile east of the edge
of the qnadrangle, whel'e the Yakima has malle
a steep-sided cut, a mile iu length and SilO feet
in depth, across the ridge. Fi,'e milps farther
east the arch pitches down, so that the bas.'\lt
disappears benpath the sandstone in a 10"- pass
not over 100 feet abo,-e Moxee Valley to the
north_ The ridge becomes more important again
east of this point, an, I in this feature a similarity
may be noted with the Cleman Mountain ridge,
described aboy-e. On the northem side of this
anticline, near the eastern edge of the qlla<lran
gle, the dips are steep and the stl'llta are cvell
overturned for short dist.~nces.

these dips reach 45°, but east of Kelly Hollow
ther are only 20°, or cvpn le~s.

Oleman Mountai1l.-'Yhile Clemlln Mountain
is the highest of the ridges in the (Jlwdrangle, it is
also the shortest if taken by itself. As will be
,hown later, howe,-er. the Cleman Mountain anti
cline extends eastward, forming the ridge south of
Roul Crepk, which some distance ellSt of Ynkima
Ri,er unites "ith Umpwnum Ridge and reaches
the Oolumbia in the yicinitr of 'Vhite Bluffs. On
the west the connection with the higher region is
in part interrnpted by the upper ",iller of Naches
Ri"er_ Cleman Mountain attains an eleyation of
GOOO feet, and for se,-eral miles its crest line is
remarkably e,-en, the basalt ,heets appealing to
be prnctically horiwntnl. On the side facing"renas Creek the mountain ha, a remarkably
nniform and gentle slope, and when oue looks
aloug this featureless inclined surface extending
from the ridge crest to the valley floor be]o" he
can see nothing to indicate the presence of the
many nl\l'l'OW gnlches that tra,-erse it. On the
opposite side of Cleman Mountain the slopes are
steeper. Along the castel'll end this is due to
steeper dips in the rock, which become gentler to
the ,,-est. In the central portion of the southern
slope a steep escarpment ovpr 1000 feet high faces
Naches Ri,cr. This is the sitc of a huge lanusliue,
a I>lock uearly li miles long ha,-inl{ broken away
and pushed into _the yalley below. The hum
mocky topography helow the e.carpment, the
low hills and inclosed ha"ins, showinl{ no definite
alTangement, are chftracteristic forms resulting
from such a lam]slide, and the ri,-er shows evi
dences of chftnges une to obstructions in its course.
This portion of the mountain had a structure
pspecially fa,-oring such a landslide, the bnsftlt
ha,-ing a shftrp change in dip, and tuffaceous beds
being present which wonl,l fftcilitate nnuermining
of the block by the active ri,-er_ At the eastern
end of Cleman Mountaiu the dips of the rocks
indicate that the arch pitches clown, so that the
basalt passes beneath the sandstone of vVenflS
Valley_ The interbedded sheet of \Venas basalt
is presellt in this part of the area, thus making the
structuml l'elations more evident. Southeast of
Kelly Hollow the surface slope shows no indica
tion of the underf,'l'ouud structnre, but just north
of the low hill having an elevation of 2319 feet
the'Veuas basalt appears from beneath the Ellens
burg sandstoue, anu the arch is seen to extend
eastwaru, becoming more prominent in the high
ridge at the eastern edge of the quadrangle. On
the crest of this ridge the arched basalt has been
cnt through, exposing the interbedded sandstone
beneatll. About 2 miles to the southellSt Yakima
Ri"C!' cuts across this ridge, and in the Jeep gap
t]ie anticliual structme is well sho" n.

(vwiclw Mountain_ - Between Naches Ri ,-er
and the Sonth Fork of Cowiche Creek there are
at least two anticlinal folc1s traceable in the
basalt. These, however, are less in'portant than
the strnctural featnres that haye been desclibed
above, aml do not extend across the quadra.n~le.

They have a general parallelism with the other
folds, and are succeeded on the south by the
fourth important ridge, Cowiche Mountain. Neal'
the southwest corner of the qua,lrangle this ridge,
both as a topograph ic and as a structnral feature,
unites ,rith t],e basalt plateau, the southwestern
portion of the ridge becoming monoclinal. The
southeastern dips extend along the sOllthern siue
of the ridge from the high region between the two
forks of Atanum Creek to the eastel'll end of
Coy,-iehe Mountain, where thc dips are to the
south. The ridge continues to the east as Selah
Ridge, interrupted, howe,'er, by the deep gaps of
Naches and Yakima 1'ivers. At the latter tlw
structure of the ridge is exhihited, and the anti
eline is seen to be flat topped, with steep silles, so
that its cross section is comparable to an inverted
U_ The southern portion of this fold, howe"er, is
absent here, ha,-ing been cut away by Naches
Ri"er "est of Selah Gap and by Yakima Iti vel'
for o,-er a mile east. That this steep escarp
ment bordering the ridge is not due to a fault is
demonstrated hy the presence of a remnant of
the fold south of Nachps River, where sandstonp
is found with a steep dip to the sonth, and even
slightly ovp.rturned, while beyond Yakima River
the fold is perfect. In a similar way, the ri"er has
CIlt a,my the northel'll sille of the ridge for nearly
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can be tappe,l hy a ,veil ,lriven tllrough the con·
fining coyer, thus affor(li ng an outlet for the water
that saturates the porous be,h, The hcight to
which tl,e "rtesiau water \I ill ri,e in the \I'ell is
dependent upon the head or pressure, which in
turn is directly coutrolled l,y the ele,-ation of the
upper end of the water hody, 01' the point where
the ",ater·saturated beds rearh the surface. If
the mouth of the well is relati,'ely lower than the
point where the bed" receive their supply, the
pressure will be sufficient to force the artesian
\I ater to the surface, amI the well will be a flowing
,yell.

'Vithin the l;;llen.burg quadrangle but one
artesian basin is known, and as yet but little
a.h-antage has been taken of this supply. The
structure of Atanum Valley and 'Vide Hollow
has already been mentioned. With Moxee Valley,
east of the Y"kima River. this con,titute, a reser·
yoir for artesian water. The underground struc
ture of this basin is more nccentu"ted than the
forlll of the Yalley, and the basalt, wllich is more
than 1200 feet beneath the ""Uey floor 2 miles
east of Atanllln, appears at the smface 6 miles
west of th"t yillage, and west of Tampico the
upwarrl .lope of the b"salt is e, en greater. The
water horizon of the Ellen,burg formation is nenr
this contact \\-ith the basal t. Along the northern
and southern sides of the miley the rocks are also
upturned, ancl on the north side of 'Viae IIoIlow
near Naches Ri,'er and on the south sicle of the
valley on both sides of Union Gap the 10\\'er beds
of sandstone are very sharply ul'tumed, and at a
few points are ,-ertical or e,-en overturned. Thi"
structure, with the consequent compressiou of the
sandstone, is important, since it probably explains
an anomalous feature of this basin. Yakima River
has cut across the rims of the basin at points
approximating 1000 feet abo"e se" level, and it
would presumably follow that the artesian bosin
should be clrnined at ahout this level, ahove which
no flo'Ying wells could be possible in the yicinity.
It is probable that the compression has so com
pacted the sandstone, which is elsewhere open
textured and porous, that on the steep sides of
the fold it has become relatively impervious. As
noted in a preceding paragraph, this sandstone on
the north side of the ba,in is compact enough to
be quarried, while in the flat bottom of the basin
it is an eAtremely soft sandstone, or in places even
a quicksand.

In Moxee Valley there are o,er a score of flow
ing wells, h"ving an aggregate discharge of about
12 second-feet. The only successful well in the
Ellensburg quadrangle is in Wide Hollow, near
the southwest corner of the SE. ~ sec. 29, T. 13 1'\.,
R. 18 E., on the ranch of George Wilson. It was
completed in Augnst, 1899, and cost $2500. The
well is very sucC'essful, is of fairly good size, and
is well cased, the diameter of the c"sing being
from 5% inches to 3! inches. 'When completed it
had a pres~ure sufficient to force a strong stream
throngh the drill rods to a height of 42 feet above
the surface, equivalent to 1207 feet above sea
level. The drilling was extended until basalt was
strnck, about 200 feet below the lowest flow and
about 100 feet below sea le,'el. The well has
shown no variation in flow, and itH discharge is
estimated to be three-fourths of a second-foot ancl
is sufficient for the irrigation of 50 acres. The
water is used with that from a ditch to irrigate
80 acres, but as the flow in the ditch is very small
after July 1, the artesian \later does most of the
work. This pioneer well has demonstra.ted the
presence of artesian water in three flows at a
depth of about 1000 feet helow the surface.

The water of the 'Vilson well is warm, like that
of the Moxee wells. Its temperature of 80° F. iR
high for water coming from an average depth of
"bout 1000 feet, but does not indicate that the
SOurce of the water is in fissures extending through
the thick basalt flows to uuderlying water·bearing
beds, in which c"se the depth wonld be such that
the water would be llOt rather than warm. This
artesian supply of water more probably has its
source in the smface waters entering the lInder
grouncl circulation at the outcrop of the water·
carrying beds. These lower Rtrata of the Ellens
bnrg formation outcrop on the fianks of Cowiche
Mountaiu and Atanum Ridge, where there is
greater precipitation than in the "alley to the east,
as is "hown by the gro,'es of large pines. The

and sandstone is fertile and supports luxuriant
bunchgrass, where exce~si,'e ~razing has not
destroyed the natural ,-egetation. In some local
ities the coveriug of soil is deep ,mongh to be
cultivated and "'inter wheat has beeu raised suc
cessful!). On the lower slopes allm·ial soil is
found, which merges "ith that of the bottoms,
ami is equally fertile. The "Ihlvium of the
Co,,-iche terraces is not ,yell situated for irriga
tion, but dry farming is practiced here.

G"ound watel'.-In all arid region the under·
ground suppl)T of water becomes of great economic
importance. Upon the presence of artesian water
depends largely the value of some large tracts of
agricultural land, and even small springs may
constitute a yaluable resource of a valley insuf
ficiently supplied with surface waters.

The supply of potable water is good generally
throughout the Ellensburg quadrangle. In addi
tion to that afforded by the larger surface streams,
which maintain their fiow throughout the summer
months, the ground water is in most places a,'ail
able either through \I ells or through springs.
Geologic relatious gOYern the availability of this
underground supply. 'Vhere the water-carrying
beds are ne"r the surface, ItS in the case of the
alluvial sands and gmyels, surface wells eaaily
draw upon the ground water. In localities where
the wells are close to the stream, it is probable
that the well water is derived from the underflow
or underground portion of the stream. This is
plainly the case on the North Fork of Cowiche
Creek, wllich is a seasonal stream, 'Yith only the
underflow persisting throughout the summer.
Here shallow wells dug in the stream bed reach
the underflow and th us insure a hetter water
supply during the dry season.

'Vhere the water,saturated beds reach the Sllr
face the ground water makes its appearance as
springs. Some of these spriugs occur high on the
ridges at the heads of gulches and deri,-e their
supply from surface waters which han collected
in the surficial detritus and the somewhat broken
upper portions of the bas"lt. Along some of the
smaller synclillal ,-alleys the ground water in the
Ellensbnrg sandstone reaches the surface in
the yicinity of the creek, and often these springs
are uunoticed on this account. Large springs of
this character occur on 'Venas Creek on the Cle·
man ranch, where the lowest beds of sandstone
are cut across by the creek. Niue miles farther
np this valley there are other springs with the
same geologic relations, the base of the sandstone
being exposed in the center of the valley. In this
yicinity this supply of ground water is utilized at
a somewhat higher le,-el, a horizontal well haying
been driven into the hill slope, and the water
permeating the sandstone thus collected and piped
down to the ranch house.

A?·tesian watm·.-This closs of underground
water differs from the ground water in that it is
under pressure. The essential conditions of arte
sian water iuvoh'e both the undergrouml structure
and the surface configuration - the occnrrence of
permeable or porous rock beds 01' strata bet'l'een
other beds relatively impervious, the disposition
of these strata in ba..,in·like form,and the relatively
high outcrop of the edges of the permeable strata.
The presence of a porous stratum between imper
yious strata is necessary because it constitutes
the stomge reservoir for the nnderground water.
The water-carrying bed may be sand or sand
stone, the interstices of which often afford ready
passage for the circulating waters. When con
fined hy underlying and overlying impervious
rocks, such as clay, shale, or some dense and com
pact igneous rock, the porous stratum becomes
saturated with water, which can find outlet only
through the porous bed itself. The ba~in structure
is a controlling factor, in that the water·calTying
strata must in no place reach the surface at a
lower level than the elevation of the well. A
lower outlet would pre"ent the storage of water
under pressure, witll the result tlmt the water
would fail to rise in the well. The outcrop of the
porous beds at the surface coustitutes the area of
supply or inbibition. Here surface and ground
waters pass downward and enter the artesian
basin or area of accumulation.

If all the conditions specified obtain in a
region, an artesian water supply is assnred, and
the water which is stored in the artesian ha.in

Absence of metalliferous ores and coal.-Within
the Ellensburg quadrangle no deposits of metal
liferous ores or of coal ha,-e been found, and there
are no indications warranting the search for such
products. There is a a small amount of iron oxide
along the fault in the basalt, south of Thorp, but
the occurrence is not of economic importance.

Building stone and "oad metal.-The basalt and
andesite found in the vicinity of North Yakima
fnrnish easily quarried building stone. The basalt
has been used for one church in that city, but is
too dark colored to be effecti,-e for such use. For
foundations these compact igneous rocks are of
value. They also furnish an abnndant supply of
materi"l for roael bnilding. The basalt makes the
very best quality of road met"l, and where it can
be found broken into small blocks little crushing
is required to render it ayailable for use upon the
valley roads. Brokeu basalt is superior to grayel
for this purpose, since the angular fragments will
pack together, making a hard "nd enduring road
surface.

The Ellensburg saudstone is uSlmlly too soft
and friable for use as a buildiug stone. At a few
localities, however, it has been found sufficiently
compact to be successfully quarried. One of these
quarries is in the NachesValley about 2 miles from
North Yakima; another locality is in Kelly Hol
low, where sandstone has been cut and nsed for
fireplaces and chimneys; a third is just outside
the quadrangle, about 2 miles east of Thrall, where
stone was quarried for a large business block iu
Ellensburg.

Soils.-The agricultural land of the Ellensburg
quadrangle is largely confined to the areas of
alluvium shown on the Areal Geology map.
Except in narrow strips along the stream courses,
it is fine and makes a fertile soil. Soil analyses
show au abundance of the constituents essential
to plant life. The fine texture of the soil is a
characteristic doubtless even more important than
its chemical composition, for it not only facilitates
cultivation, but renders soluble and a,'ailable a
greater percentage of the mineral matter. The
m>idity of the climate has also doubtless had a

•
beneficial effect, in that the soil has not lost its
most valuable constituents by]eaching. In this
connection it is necessary to mentiou the excessive
irrigation which has already injured certain por
tions of the lower nlleys in this region. Not
only does the constant presence of water result in
leaching out some of the more soluble of the
valuable soil elements, but in the lower levels the
action of this water is to bring to the surface cer
tain salts that are injurious to vegetation. Such
wast", of water in irrigation is thu~ a double evil.

The thin mantle of soil ou the ridges of hasalt

ECONOMIC GEOLOGY.

form Umptanum Ridge. This diver~ion was reno
dered possible by the de,'elopment of the north
west spur of Umptanum Ridge, connecting with
Manastash Ridge, and the southward course of
the North Fork, as \I-ell as of the seasonal stream
about 2 miles east, vms established before the
uplift of the ,,-est spur of Umptanum Wdge.

The course of Naches River is plainly antece
dent to the present coufigl1l'ation of the surface,
since it cuts dia"onalh- across the Cmriche Moun-o •
tain-Selah Ridge uplift, and in its upper COIll',e
the river canyon is in part north of the axis of
the synclinal depression south of Cleman Moun
tain. There is reason to believe, howe,'er, tl",t
the comse of this river was largely determined
by the earlier structure, and it was theu a
consequent stream, occupying the center of the
syncline. In the c1e,-elopment of the peneplain
its course may have changed, so that at the time
of the subsequent warping of the surface along
the same axes the river had left the syncline aud
was forced to cut through the ridge rising across
its course. If this be true its junction with the
Yakima is now about 3 miles south of its former
position. On the uplifted plateau bet\yeen 'Vena.s
Creek and Naches River, where the former course
of the Naches Ri\'er \I-ould h",-e crossed, there are
remnanto of the peneplain, hut no ri, er gral'els
could be identified on this old surface, siuce the
Ellensburg formation here is largely conglomer
atic, and the pebbles on the surface may be
deri,oed from that source.

•1S

as

COl

The relati,-e age of cert"in of the features due
ra, to this later surface warping can be determined

by study of the drainage, as in the case of Wenas
Creek, which has been discussed in an earlier

tn paragraph. The influence of structure upon the
drainage system may also be mentioned. The

lefl conrse of Yakima Ri,'er was established before the
te' later warping of the surface, since it cuts directly
Oil through the ridges tl1at rose across its course,
he with meanders developed upon its old lowland.

'With its tributaries this river ,ms efficient in the
:he production of the peneplain, and ineleed it appears

probable that the north·south course of Yakima
River antedates the earlier flexing of the rocks, so
that the river is antecedent with respect to all of
the structural features described abon. The
tributaries of this master stream are to a large
extent consequent upon the later warping. In
the case of J\Ianastash and Umptanulll creeks,
this statement can be made without qualification,
since these streams occupy natural drainage lines

joi in the wmped surface. They do not, however,
in! exactly follow the axes of the synclines of the

earlier folding, for there is a slight discordance in
the position of the axes of the two deformations.
Atanum Creek, with its south fork, is a conse-

do quent stream, but its north fork and Nasty Creek
di may have once belonged to the Cowiche drainage,
ge heing later diverted southeastward by the develop.
\I] ment of the monocline of this portion of Cowiche
fe Mountain. The history of the North :1<'ork of
ne Wenas Creek may han been somewhat similar,

this stream being originally a part of Umptanum
h) Creek, the capture of Wenas Creek occnrring at
th the heginning of the uplift of the peneplain to

n
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HISTORY OF YAKDIA RIVER .AND ITS '.rHIBUTARIES.
li}t
1

co

be

ridges, :lS well as on their crests "here tIle arch
" in the rock has been an uusymmetrical auticline
e rather than an open symmetrical fold, the erosion
1 surface cuts directly acro,s structural planes in
Ii the rock' masseo. Here the difference bet"'een

the present slope of the eroded surface and the
dip of the rock is a measure of the alllonnt to

j which the basalt and sandstone were flexed. The
water gaps cut by Yakima Ri"er in the seyeral

,. ridges afford opportnnity for obselTing these
,., features.
a Coincidence ofaxes.-This simple relation
0' between smface and structure as gi, en above
, depends upon the coincidence of axes of deforma
~' tion in the two period.,. The extent to which

this rule holds within the Ellensburg quadrangle
is remarkable, since it i, true that the w"rping of

'c the peneplain took place almost wholly along the
·1 lines of the earlier flexing of the rocks. The
, forces in'.-oh-ed in the bl'o processes appear to
Ie ha,e been the same, nnd thus the period of uplift
:h might be considered one, ,,-ith an interruption of
I' sufficient len!!th for the reduction of the flexed,
, rocks to a peneplain. The mnjor features of the

ti area, Mannsta,h, UmptanUlu, lIud Atanum ridges
I, and Cleman and Cowiche mountains, ,,-ere out-
•

:k lined in the anticline, of the earlier episode of
1I uplift, and after the complete destruction of these

strnctural features by the snbsequent erosion they
eJ were again slowly uplifted to the eleYfltions they
b no" have. There are, howe,-er, some exceptions
11 to the general rule here stated. These ha,e been
cl indicated in some degree in the foregoing descrip
th tions. Thus, on the northern slopc of Manastash
t Ridge the small synclines, one of which is faulted
~r longitudinally, are represented by the rock dis
ci tribution, but do not mat",rially affect the snrface
cl configuration. The later uplift was approxi
L matdy along the axis of the larger anticline, and
t was simple and bro"d, while the earlier uplift

i1: im-ol,ed minor folds and a fault. The Cleman
i ,Mouutain anticline was described as continuing
el across Wenas Creek. As can be seen on the
~c topographic map, the surface shows no later
te warping along this axis until the western end of
ce Selah Ridge is reached, about 5 miles east of
c~ Cleman Mountain. Between the two the slope of
ill Umptanum Ridge continues nearly to the level of
e Wen"s Valley. The discordance between the
di rock structure and the inclined peneplain surface
. t is very well shown here, "nd the manuel' in which
I'e' the erosion surface cuts across basalt and sand
iCE stone alike makes this an important locality for
Ie the determination of the true peneplain character
on of the surface.
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occulTence of surface springs also shows the measured below their junction and within the' fertile soil, is the most valuable natural resource in the immediate vicinity of this artesian spring
presence of a good supply of ground water, so Isandstone area. The loss by seepage is partly of the region. and about 10 feet higher, and it seems proLable
that the contribution to the artesian basin is an returned when the stream again flows upon the In Wenas Valley geologic conditions do not that not far from the surface will be found water
important one. basalt basement, as is shown by another measure- appear to warrant the expectation of an arte- which can be used to augment the strPIUJl alreauy

An even more important contribution, however, ment. This gain doubtless represents the return sian supply. The Lasin structure is present issuing from the spring. The water is seen to
comes from tIle leakage from streams crossing of a part of the underflow of the stream to the I to a large extent, and the sandstone beds extend issue from crevices in the sanrlstone and the honey
the outcrop of the water-carrying beds. Several surface. Additional measurements farther down upward on the ridge to the north, but the combed basalt beneath. It ha, a temperature of
seasonal streams flow down the sides of the show further loss after the sandstone again lowest portion of this basin is drained by Wenas 62°, and may be derived from interstmtified sand
western PaIt of the Atanum-Moxee valley, but becomes the floor of the valley, showing seepage Creek. As already noted under the heading stone beneath an upper sheet of basalt. If any
these are small, and their contribution may well be into the sandstone. This contribution of se"eral "Ground water," large springs occur near whet'e considerable flow of water i. developcd in this
included under that mentioned above. Atanum second·feet of water is an import.ant one, and the creek crosses the lowest beus of sanustone, locality it can all be nsed to good advantage in
Creek, however, drains a large area, to the west, since these measurements were taken late in July The evidence is to the effect that the water in the eastern part of Kittitas Valley.
and in the early part of the year it is an important they represent a minimum of flow and probably the sandst0ne finds a natural outlet throughout TI,e gnp where Yakima River cuts tln-ough the
stream. It enters the synclinal basin at a point also of seepage. At time of flood the amount the length of this valley and is not stored in an rim of the Kittitas Basin, 5 miles below Ellens
where the strata have gentle dips and where the flowing into the artesian basin from this source artesinn basin. llUrg, is, of conrse, the critical point in the struc·
sandstone at the base of the ElJensbnrg is open would be even greater. Taking into account the The other important yalley of this nrca is ture of the basin. The exposUJ'es of the Ellens
and porous. At the points where the stream aggregate discharge of the wells of the basin, Kittitas Valley, a portion of which cOllles into the burg sandstone are poor at this locality, but they
crosses these upturned beds the water might which is about 12 second.feet, the part played by northeast corner of the Ellensburg quaurangle. are snfficient to show that the lower beds are
seep downward into the aItesian basin. Similar seepage cnn at once be seen. This broad valley has the basin structure, nnd sharply upturneu. Immediately south of the edge
seepage is shown where ditches ha,-e been dng in The practical qnestion of the permanence of from its great extent it appears well suited to the of the valley a transverse fault gives further
both the snrficial alluvium and in the Ellensburg this supply of artesian water is answered in part nccunmlation of underground waters. The water· evidence of mnrked dynamic action on this side
sandstone. The green vegetation along the lower by the preceding paragraph. The artesian basin bearing beds extend up on the slopes of the of the basin. Whether this is sufficient to prevent
sides of such ditches testifies to the presence of is not to be considered as containing an unlimited inclosing ridges, and must receive contributions tupping the artesian basin, ns appears to be the
water which has escaped throngh the soil and supply, any more than if it were a surface reservoir from the precipitation oyer a large area. In the case at Union Gap, south of the Atanum-Moxee
the sandstone. The fact of the seepage from for the storage of water. The total discharge of central part of the yalley the water horizon lies basin, can not be definitely stated. The possi
Atanum Creek, however, is conclusively proved the basin probably can not be much increased by at a depth of several hundred feet. Some years bility that a true artesian bnsin may be found
by other evidence. Stream measurements which putting down new wells, although this may result I ago an experimental well was pnt down about here appears, however, sufficient to encourage the
have been made have an important bearing on in an economical division of the altesian supply. 2 miles nOlthwest of Ellensburg and reached drilling of another experimental well in Kittitas
this question when studied in connection with the New wells in "'Vide Hollow, where water is needed, basalt at abont '700 feet. When abandoned it Valley, which shonld be pnt in charge of the
geologic relations along AtanuUl Creek. As will may be expected to be success£uJ if located below had water at 40 feet below the surface. The most experienced and reliable well·man available.
be seen by reference to the geologic map, the two the 1200-foot contour. If too great demands are Ievidence which it afforded was unfayorable, yet Larger irrigation canals taking water from upper
forks of Atanum Creek enter the sandstone area made upon the underground supply the pressure it is quite possible that this well, like many Yakima River may possibly be built in the future,
above Tampico, but the stream again encounters will be lowered until some o£ the higher wells others, was drilled inefficiently and that the which wonld obviate the necessity for artesian
the basalt below that place. The first measure- will cease to flow. Recent legislation has made it record is untl'llstworthy. water in this valley, in which ~vent it wonld not
ment of the north fork of the creek was made necessary to practically close the wells between At the Clerf Spring, at the east end of the be economical to expend any money in searching
abo,-e the point where the stream crosses the base October 1 and April 1, and this arrangement ought valley, water with considerable pressure is found I for an artesian supply.
of the sandstone, and this volume is seen to exceeu, to result in a very satisfactory conservation of flowing upward throngh the basalt. In the snm-
by 10 second-feet, the total volume of both forks this important supply of water, which, with the mer of 1900 the drilling of a well was commenced May, 1902.
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menhlJ) formatioll' of a'ly one p"riod, excepting
the Plei.tt'cene and th.· Arche,m, aJ"e distinglli"hed
frolll one anothel' by different pattel'lls. ""lde of
parallel -tmig!lt line.. Two tink of tl,e period.
color Ill'e u:-'f't1: :\. P<ll~ ut i.., printed e\"elll) on:"r

the" hole sllrbee represellting the pe"iod: a dark
tint lll'ing" out the diflerent pattl'l'll repre,enti'l~

fortnutiunoo:. Ell/·l1 fOrI.lfition is furtherlLlore f(i\ ell

AGE.' OF RQCJo..S.

principal mineral mined OJ" of the stone 'jllaITie<l.!l'arts ,lipped pa,t one another.
8tl"uctllre·s"t·tion s/iett.-This sheet exhihits the, terlJle,l .1</lIlt".

relations or the formations heneath the slIl'face. 011 the rig!lt of the sket.-h the .~elioll is C.JIII·
In cliff~, canyons, .hafts, aml <Jlher "atllral and posed of schi-ts which are tI'flH'I',e<1 1>., Il1h.sSt'b of

artificial cutting.,. the relation~ of different beds igneou. rock. The schi,ts cue IlIllch ~olltul'ktl

to one another nUl) hfl' "'een. An) cuttillg which [lnd their nrrungelllPnt undt'r"gI'olll1d can not he
exhibitti tho.e relations i- ~ailed a .sectioll, anel the infeJ'l'ed. Hence that portion of the beelion
same mUll#} il' applied to a diagl':llll l'epl't':senting .lrlillf"ntes wllflt is pl'oIJn.hly true Lut j... llot

the relatioll~. The al'l'aJlg~llleut of j'ocks in the known by ohsel" Rtion 01' \\'l,lI.follntled iuferclI"e,
I'nuoo ~\)tn"l- ("I.nl1 earth i..:. the earth's .~trlfc.:tllJ'(;1 .md a ~ection exLibit· In iig-. 2 there are tll1'ee :-iet.g of £OJ'lIlcltlUIl:-:'. <li.,.

(Plei....tt)(~~IlP ... _ • . P "\11:' {'OltIN iug this ftl'l'ltllgtlllE:nt is called a /:itructu'/'t! sedioll. tin~lli~hf'd by their' Illulergl'011nJ rdation..-:. The
I :Keo('{,I\t.' ~ PI.i0eeue , .. "I Htltf.... The geologi~t is not limited, Lowe\'el', to the first of these, seen at the left vf the Q.cctiOIl, i:;, the

('en071)ic I :lfloc.>ue I
I EO('PIl(>. inclutlillg ontuml [lnd nrtificifll cuttiu~~ for his information Foet of snndstone!"ol. and ....hales, which li(' ill a IJUri.
\. UIi;.:ucene. E Olive 1,1"0\\11", roncf'rninrr the C11Ith's structurE:". l\:no'\ying the zOlltnl po.;;:ition. The~c :;:,euilllentar.\ ~tl'atn are

Rocka al'e furtLe;- di~tin,,<rlli ....bed nl"cordin~ to Me'07.Qic \ Creta~t'tIU" T' .. . K Olive gret>n... manner of the forlJlation of rocks, and bel,ing' 110"- hiO'h alJo\(' the sea, fOl'lllin"tr a lJlateall, awl- ., T . \ . llra...... I(· , J ]'1 ,..,uratrlll.. ... ue-gl'(,pn ..
their relnti\ e age ..., 1'01 the: were not formed nIl . I 'fri:L..... it· I I traced nut tIle relfltjoJ!~ among beds on tbe sur- their change of eJt'nLtion show'-l that a 1'0Itjoll

C':ll'honiferc'lb. inclml
at oae time, but from age to age in the eal'tL'~ ingPerlUian.. C Blues fnce, he can illfer their l'elati\e pot'ition~ after of the earth'R mass hfl$ s\\elled u}l\\anl hOlll it

hi~tol'\. Cla...... ifil'iltion h.\ llge j;;;, independent of PaII'OIoi{. De'-olli;\Il.. 0 UJue Jl"qlle<', they pas~ l,enenth the surface, dr~lW ..,ections lower to a higher le\·el. The .,tlata of thi~ spt :11'l'
. . . Silul'iun ilwhltliu:.! I

onglu: igntOll~ ...edimentun, and surfiL·inl rock"-l ()rd<"jt·iaJl .. S Redpur;)ll'S. "bich rtpl"t~ent tIlt:' structure of the earth to i1 parallel, al'elation 1,hich is cHllefll'o/~t'()rTiwbj~.

!lHl.Y he of the "'ame age. CumOriall. . . . .. (; Pinks. con~i<.1eJ'alJle dE'ptb, anfl construct a diagram TIle second ~et of formations con;:)i~t~ uf ~trati1
:\.l"ollkiall A flran:;re UI'O"lJ~

'Wh~u the predominant lliatc.rial of a rock ma-- . " .. - . .. ~ .\n~- colo,~.'. exhilJitin,,« 'I'hat. \\'olllU be -eell in the si,le of a ,,-hich form arcbe, ami troll""hs. Th~$e ~tl'at:l.\..n·lu:an . . . . . ,.,..;

i, e__entially tIlt' SiDle, and it i. bouu,led by rock. I cutting mall) mile, long and several tholl'and feet \I ere ouee contiDLlous, but the cresls of the llrd,,·s
or 'differeut materials, it i" cOIl\-enient to call tlte a Jetter.'ymbol C<1Inpo,etl of tl,e period letter COlli· I deep, This is illllbtmted in tbe rollowing figUl'e: luI' e been remo"&l b) degmdRtioll. Tlte liclls,
m""" throu~hout it, extent aformatioll, and sllch bined ,,-ith small letter, 'tanding ror the fO]'1IIa- like those or the Iirst set, are evntom",bk
a forlllation io the unit or geologic mapping. tion name. 111 tbe euse of a spdimentary fOl'U"ltion The horizona] strata of the platea" rest "pon

tle<eral formation. conoidered together are of IIncertain >l"e tbe pattern is printed 011 ,vhite the uptl1rned, eroded edgeo of the beds vf the
,le,i"nated a !!!/slt/a. The time taken for the i!round in the color of the period to ,,-hieh the second ,et at the left of the section. The')I er·
depo~ition or a formation is called all epocl., and rormation is supposed to l,elong, the Jetter.symbol lying depo.it" are, from their position-, e,·itle"tl.,
the time taken for that of a system, or sOllie or the period heing omitted. ~~ __ ) onnger than the lllltlerl) ing fOl'lllation" anti tl,,·
Jar'ger f>-octi"n of a b.' stem, "period. The rock; The nnmber Rnd extent of surficial fOI'l1I1,tions, benlling allll ,legmdation of the older stmb "u,~1

arc mapped hy formations, Rllllthe rornmtion- arc chiefly Plei&tocene. remler them so important that, hR"e OCCUlTed bet\\ een tl,e depositiun of t!le
da%ified into .) stem'. The rocks compo,ill~ a to di-tin~lIi.h them from tbo~e of other periorl" oider beds and the accHlnulntioll of the youn~,,1'.

system and the time taken for its depo,ition are and from the igueous rocks, patterns of dot. and ,\-hen )Ollllger otrata thllS lest UpOli lin eloded
£6 \-en the same lift-me, aB, for ill~I::Hlce, GmnLrian circles. priuted in any colors, are n~ed. Fig. 2.-8ketch showing a '-eTtie-al section in the front of tllc surface of older stl'flt.'l. the I'elation Letwpell the

picture. with a landscape beyond.
sy.tem. Cnmbrian period. The origin of the Archean rocks is not fully t" 0 is all ~t1lco"formaM.I' one, IIlId their smfa('e

As sellimentnry deposits 01' strata Rccnmulate settled. JIany of them are certainly igneons. The fig-m'e represents a landscape 'I'hich is cut of contact is an wICon/orrllit,tj.
the younger reot Oil those that are older, and the 'Yhetlwr sedimentary rocks are also included is off shRrply in the roreground by a yel'tic~J plane, The thir,l set or rOJ'llwtion, ~ollsi,t" or cry.!al.
relati'e age~ of the deposits may be di~co<rrcd not determined. Tbe Archean rocks, and all Iso RS to show the underground relations of the line schists and igneous rocks. At SOllle lJel1vtl
by ob-en ing their relati,e positions. Thi, rela. metRllIorphic roch of nnknown ori"in, of what· rocks. of their history the schists "ere plicated 1,.' 1"""
tion~hip holds except in regions of intense e,-er a"e. are represented ou the maps by patterns The kinds of rock Rre indicllted in the section sure and tra,-eroed by eruption, of moltell ro.:k.
<listurbance; -ometimes in snch region. the di~. ~ou_i,ting of short da bps ilTregularly placed. 1by appropriate symhols of lines, dots, and dasbes. ]~ut this pressure and intrll-ion of igueous I"wl<-;

tmh.,nce of the heds ha. heen EO great that their The.,e are printed in uny color, and may be llurker These symbols admit of ll1uch "ariation, hut the h",-e not affectcd the overlying .tmta of till'
position i. re,-er.ed, and lt i~ often difficnlt to or lif!hter than the back;:-r0l1l1c1. 1£ the rock iii a follo,dng are generally nsed in sections to repre· second set. TIlllS it is evident tl,at an inter-I'al uf

•
•let~rmine the relati, e ages of the heds !rom their bchi_t the dashes or haehures may be a]Tangerl in sent the commoner lilllls of J'Oc],-: con~iderahJe uuratioll elapserl hetween the f"rma-
po.itions: tben fo,.,il.•, 01' the ]'emRins of plants wa,} parallel lines. II the metllmorphic roek is tion of the schists and the beginning of depobiti"n
'lUd anima!., m'e guides to sho,,' which of hlO known to be or sedimentary origin the hRchure ~e ~'" of the strata of the secoml set. Dnrini' l!li,
or more formation- i, the olde.st. pattern- ma) l,e comhi ned ,,-itll the parallel-line F,i.-~ e-~ =,l, inter.-al the schists suffered metamol'phislll: the.,

Strata often contain the remains of plRnts and patterns of se,limentary formation-. J:f the rock [ " '~.. "ere the scene of erupti, e actiyity; and the."
animaJ~ ,\ hich 11\'ed in the ea or were 1\ fl:::.ibe<.ll iq recognized as ]la\ ina been oridinally igneou'", Limes'o!l~ Shales. Shaly hmesWD('S. were deeply eroded. The cont.-'1-ct bet" eelJ tIlt"

from the IRnd into lakes 01' seas or "ere bllried in the hachures may be comlJinerl" ith the 'igl1e:m" second and tlird sets, Iiwrkiug " tiuw intel'l-al
,urficial c1epo-its on the land. Rocks that con· pattern. ..... ,:" ~., between two periods or rock formatioll, is anothcr
tain tbe remains of life are called fossiliferous. Known igneous formations are represented by = ~ ..'. unconIormity.
By stndying theoe remains, or rossilo, it has been pattern' of triangles OJ rhomh~ printed in any .;,a::,:.... .., ,<.... The section and landscape in fig. 2 are ideal,
found that the species of each perio<1 or the earth's brilliant color. If the formation i. of kno" n age """,,"n~."doon. S".'P"""''''"''' C.''''''..... sand''"".. hut they illustrate relations ,,-hiel, actually occur.
hi~tor) ha\e to a great extent differed !rom those thc letter-symhol of the formation is preceded by .'"mern.... The sections in the structure·section slle.'t are
of other period, Only the simpler kinds of the capital letter·symbol of the proper period. / ',' ,_ " relatefl to the maps as the oectiou in the n:>'Il"e i~

11Iarine lire existed when the oldest fossiliferou- If the age of the formation is nnknown the -:.,,;-:.,,?.:;,,;-:;. l'elated to the landscape, The profiles of tl,e bllr-
...... 1...... ' ..... \-

rocks \\ere depositerl. From time to time more lctt~r·symbol consists of .mall letters which ~'::::o~.;'.., face in the section correspond to the actual ~Iop.·,

complex kinds c1eyeloped, and as the simpler ones "uggest the name of the rock~. of the ground along tbe section line, find the rlepth
liyed on in 1Il0uified forms life becaILJe more SChisl<;. )lassi"e and b\'l1ded igneous rocks. from the sudace of allY rnincral -proo Heins or \" nter-

. B od THE ,\-AR10l;:-, GEOLOGIC' SHEETS. Fig. 3.-Symbolsused to represent ditTerent kinds of rock.
,-m'led. ut Juring each peri there li,-ed peclII. hearing tratum which appears in the section mllY
iar form~, whicb did not exi,t in earlier times AI'eal geology sl,eet.-This ,heet "llOWS the The plateau in fig. 2 present~ towawl the lo\\er be measure,l by ubing the scale of the map.
and ha, e not existed since; these are character· areas occupiell by the, Rl'ious formation,. On land an escaJ'Pment, or fmnt, 'I'hich is made up Columnar' section slwct.-This sheet eontains a
istic t) pes; and they defille the age of any bed or the margin is a legend, "hich is the key to the of "amlstones, forming the cliffs, allll shales, con· ~oneise description- of the rock formations \I hi"h
l'oek in which they are round. Other types map. To asce,-tain the meani ng of any p;uticular stitnting the slopes, as shown at the extreme lett oceur in the quadrangle. It preoent" " SIll'lIl1"'}
l1l",,~ed on from p~riod to period, Rnd thns linked colored pattern and its letter·s)mbol Oil the map of the ,ection. of the facts relating to the chal'llctel' of the ro"h,
the syotems together, forming a chain of life from the reader ohoul<l look ror thRt <:olor, vottern, and The broad belt of lower land is tra"ersed by the thicknesses of tbe formations, a",l the ord~r

the time of the oldest fossiliferous rocks to the s) mhol in the legend, "here he "'ill find the n",ne se,-eml rillges, ,,-hiel, are seen in the section to of accumulation of succes,i, e depo~it_.

present. and description of the formation. Tf it is de.ired correspond to heds of sandstone that rise to the The rocks are Jescrihed lInder the cone'pon,l.
'Yhen bl'o formations are remote one from the to find any given fornllltion, its name should be sm-face. TI,e upturned edges or these beds form ing heading, and their characters are indicated ill

other and it is impossible to obserye their relati,'e sOllght in the legeud and its color and pattern the ridges, and the intermediate "aUey" follow tbe eGlumnar diagrams !.>y appropriate s.' ,"hol,.
position~, the chararteristic fo-sil types round in noted, when the area~ 011 the map conesponding tle olltcrops of limestone anil calcareous shRles. The thicknesses of formations are gi,'en ill figllres
them llIay determine "'hich was deposited fir~t. iu ~olor and pattern may be trace.[ out. -Where the edges of the strata appeRr Rt the whicl, state the least RnJ greatest IlIeaSlll·emellt,.

Fossil rcmains found in the rocks of different The legen<[ is also a partial statement of the surface their thicku~ss can be measured and the Tbe a, erage thickness or each formation is ,,110\\11

areas, proyince, and continents afford the most geolos.Jc hi.tory. III it the ~ymhols and names angles at wbicb they dip below the surface can lJe in tbe column, which is dl'llwn to a scale-u"lall.,·
important means for combining local histories aJ"e m rnnged, iu collllnuar forlll, accor<ling to the oh.elTed. Thus their position. underground can 1000 feet to 1 ineb. Tbe or,ler of Hec"ll,"latioll uf
into a general earth history. o,'i~in of the formations-surficial, sellimentary, be inferred. The direetion tlmt the intersection tbe sediments is shown in the coJunlnaJ' armllge-

Colo/'s and patterns.-To sl:;w the reJatiyc ages and iglleous - and "ithin eacb I2Toul' they are of a bed with a horizontal plane ,,-ill take is called ment: the oldest formRtion is placer! at the bottom
or strata., the hi,tory or the sedimentRry rock~ is placed in the order of age, so far as known, tbe the strike. The inclination of the hed to the J'01·i· or the column, the youngest at the top, and igne
di,-ided into periods. The names or the periods yOllll"est at tbe 10'1" zontal plane, mea"ured at right angles to the strike, ous rocks or surficial deposits, 'I'hen present, arc
iu proper,order (from new to old), with the color~ Economic geology 8hfet.-This sheet represents is called the dip. indicated. in their proper relation~.
and S) mbol llssigned to each, are giyen in the the di,tl'ibution of useflll minll'Rls, the ocr'url'ence ,Yhen strata which are thus inclined are traced The formations are combined into sy-tem-
table in the next column. The names of certain or artesian water, or other fact" of economic inter· nndergrolllld in mining, or hy inferenc'e, it is fre· which correspond with the periods of geologic
subdi,ioion~ and groups of the periods, frequentl) est, sliowing their relations to the featul'es of topo· quently obsen-ed that they form troughs 01' arches, history. Thus the ages of the rocks al'e shown.
used in gcologie writings. are bracketed against graphy ~tn,l to tbe geologic rormations. All the sueb as the section shows. The arches are called anJ abo the total thickness of ead! system.
the appropriate pcriod names. forll,atiolls which appeal' on the his~orica.l geology Ianticlines and the tl'"ughs synclines. But. the The inten-al, of tilllC which corresponrl to

To distinguish the sedimentary formations of sheet al'e shown on tillS ,heet by filmter color pat- sandstones, shales, and lImestones" ere depoSIted e,'ents of uplift aud ,legmdation and cOllsti tute
'lD) one period from those of another the pattel'lls terns. The areal geology, thlls printed, affords a beneath the seR in nearly flllt sheet~. That they interl'llptions of ueposition of scdilrlents Rl'e illtli .
for the formations of each period are pl'inted in suhduoo backgronnd npon" hich the area;; of pro- are now bent anrl folded is rcgsroed as pl'oof tha~ cated graphicall.' and by the wOl'd" IInconformity.'·
the llppmpriate periorl-color, with the exception ductive formations Illay be empha..<ize<1 by strong rorces e,,-ist "hich l,aye from time to time cam,ed CIIARLEH D. "IV ALCOTT,
or tbe one at the top of the columu (plei.toeene) color.. A symbol fol' mines is introduced at each the earth's surface to wrinkle along cOl-tain zones, Di,-pclol'.
and the one at the bottom (Arcl!ean). The sedi· occurrence, accompanie<1 by the name of the In ])laees the stmta are broken across and tlie I ReYi,,'rl .Janna"j". 1VO~.

redepo,ited a~ b~tl. vI' tmin. of .allli and cln),
thn. forming anotll~r gradation into seuimentar)
deposlt... Some o[ thiti glaeinl \ra:~h was depo:-:itetl
in tunn,,], and channels in the iee. and forms chat·
flctt'l'i<;,;tic ridges and JllOlluch of ~and and gran:L
known as 0 ....a1'8, or e:-:ker.... null kn.ll1e~. The
mateJ"ial tleposited by the ice is called ~lacial

drift; that" ashed fJ"om the ice onto ti,e aujacent
land i. called mOllified drift. It i. u,ual al-o to
ch~s a, -Ilrficial rock. the depo.itH of the ,ea amI
"f lake, "nd ri, el" that were made at the same
time i~ the ite Liepa...it.
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