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The Geological Survey is making.. !("o1j>gic 
map of the United States, which necessitatesi the 
preparation of a topographic base map. The 
two are being Issued together in the f@nu of an 
atlas, the parts of which are called folios. Each 
folio consists of a topographic base map and 
geologic maps of a small area of country, together 
with explanatory and descriptive texts. 

THE TOPOGRAPHIC MAP. 

The features represented on the topographic 
map are of three diRtinct kinds: (1) inequalities 
of surface, called relief, as plains, plateaus, valleys, 
hills, and mountains; (2) distribution of water, 
called drainage, as streams, lakes, and swamps; 
(3) the works of man, called culture, as roads, 
railroads, boundaries, villages, and cities. 

Reliej.-.:....All elevations are measured from mean 
sea level The heights of many points are accu
rately determined, and· those which are most 
important are given on the map in :figures. 
It is desirable, however, to give the elevation of 
all parts of the area mapped, to delineate the 
horizontal outline, or contour, of all slopes, and to 
indicate their grade or degree of steepness. This 
is done by lines connecting points of equal eleva
tion above mean sea level, the lines being. drawn 
at regular vertical intervals. These lines are 
called contours, and the uniform vertical space 
between each two contours is called the contour 
interval. Contours and elevations are printed in 
brown. 

The manner in which contours express eleva
tion, form, and grade is shown in the following 
sketch and corresponding contour map: 

Fig. 1.-Ideal sketch and corresponding contonr map. 

The sketch represents a river valley between 
two hills. In the foreground is the sea, with a bay 
which is partly closed by a ho.oked sand bar. On 
each side of the valley is a terrace. From the 
terrace on the right a hill rises gradually, while 
from that on the left the ground ascends steeply 
in a precipice. Contrasted with this precipice is 
the gentle descent of the slope at the left. In. the 
map each of these features is indicated, directly 
beneath its position in the. sketch, by contours. 
The following explanation may make clearer the 
manner in which contours delineate elevation, 
form, and grade: 

1. A contour indicates approximately a certain 
height above sea leve In this illustration the 
contour interval is 50 feet j therefore the con
tours are drawn at 50, 100,150,200 feet, and so on, 
·above sea leveL Along the contour at 250 feet lie 
all points of the surface 250 feet above sea; and 
similarly With any other contour. In the space 
between any two contours are found all elevations 
above the lower and below the higher contour. 
Thus the contour at 150 feet falls just below the 
edge of the terrace, while that at 200 feet lies 
above the ten-ace; therefore all points on the 
terrace are shown to be more than 150 but, less 
than 200 feet above sea. The summit of the 
higher hill is stated to be 670 feet above sea j 
accordingly the contour at 650 feet surrounds it. 
In this illustration nearly all the contours are 
numbered. Where this is not possible, certain 
contours - say every fifth one - are ac?entuated 
and numbered; the heights of others may then 
Le ascertained by counting up or down from a 
nUlllbt!red contour. 

" ~. 
2. Contours define the forms of slopes. Since the ·sides and 'corners of eaCh sheet the n~mes Ot 'tion. Furth~r, the structure of the rock may be 

contours are continuous horizontal lines conform· adjacent sheets, IT puhli.s):ted, are printed. changed by the development of planes of tlivi
ing to the surface of the ground, they willd U:8es 0/ the topographic sMet.-Within the limits sion,. so that it splits in one direction more easily 
smoothly about smooth surfaces, recede into all of scale the topographic sheet is an-accurate and than in otlrers. Thus a granite may pass :into s· 

reentrant angles of ravine.s",.and project in passing characteristic delineation of phe relief, drainage, gneiss, and from that into a mica-schist. 
about prominences. The relations of· contour and culture of the district. represented. Viewing Sedimen'tuJry 1'OCks.-These comprise all rooks 
curves and angles to forms of the landscape can the landscape, map in hand, every ch8J'actel'istic which have been deposited under water, whether 
be ttaced in the map and sketch. fE'~ture of sufficient magnitude shoul~ be recog· in sea,/lake, or stream. They form a. v~ large 

3. Contours show the approximate grade of nizable. It should guide the traveler; serve the P!lrl of the dry land. 
any slope. The vertical space between two con· investor· or owner who desires to ascertain the When the materials of which sedimentary rocks 
tours is the· saJllet w.~ether they lie along a cliff position. and surronndings of p~perty to be are composed are carried as solid particles by 
or on a gentle ~ope; but to rise a given height bought or sold; save the engineer preliminary water and deposited as gravel, sand, or mud, the 
on a gentle slope one must go farther than on a surveys in locating roads, railways, and irrigation deposit is Qalled a machameal sediment. These 
steep slope, and therefore contours are far apart ditches j provide. educational material for schools may becoJ;Ile hardened into conglomerate, sand-
o~ gentle slopes and near together on. steep ones. and homes.; and serve many.of the purposes of ~tone, or shale. When the material is carried in j 

For a flat or gently undulating country a small a map for local reference. sl?lution by the water and is deposited without 
contour interval is used; for a steep or mountain- the aid of life, it is called a chemical sediment; 
ous country a large interval is necessary. The THE GEOLOGIC MAP. if deposited with the aid of life, it. is called an 
smallest interval used on the atlas sheets of the organic sediment. The more important rocks 
Geological Survey is 5 feet. This is used for The maps representing areal geology show by formed from chemical and organic deposits are 
regions like tlie Mississippi delta and the Dismal colors and conventional signs, on the topographic limestone, chert; gypsum, salt, iron ore, peat, 
Swamp. In mapping great mountain masses, like base map, the distribution of rock formations on lignite, and coal. .Anyone of the above sedi· 
those in Colorado, the interval may be 250 feet. the surface of .the earth, and the structure·section mentary deposits may be separately formed, or 
For intermediate relief contour intervals of 10, map shows their underground relations, as far as the different materials may be intermingled in 
20, 25, 50, and 100 f~et are used. known and in such detail as the scale permits. m~y ways, producing a great variety of rocks. 

.Draimage.-Water courses are indicated by blue KINDS OF ROCKS. Sedinientary rocks are usually made up of 
lines. If the ~treams flow the year round the layers or beds which can be easily separated. 
line is drawn unbroken, but if the channel is dry Rocks are of many kinds. The original crust These layers are called 8trata. Rocks ·deposited 
a part of the year the line is broken or dotted. of the earth was .proPably composed of igneous in successive layers are said to be stratified. 
Where a stroom sinks and reappears at the sur- rock8, and all other rocks have been derived from The smiace of the earth is not :fixe4, as it seems 
face, the supposed underground course is shown them in on'e way or another. to be; it very slowly rises or sinks over wide 
by a broken blue line. Lakes, marshes, and other Atmospheric agencies gradually break up igne- expanses, and ~ it rises or subsides the shore lines 
bodies of. water are also shown in blue, by appro· ous rocks, forming superficial, or swrficial, deposits of the ocean are changed: areas of deposition may 
priate conventional signs. of clay, ,sand, and gravel. Deposits of thls class rise above the water and become laI\d areas, and 

Oulture.-The works of man, such as roads, have been formed on land surfaces since the land areas may sink below the water and become 
railroads, and towns, together with boundaries of earliest geologic time. Through the transporting areas of deposition. If North America were 
townships, counties, and States, and artificial agencies of streams the surficial materials· of all gradually to sink a thousand feet the sea would 
details, are printed in black. ages and origins are carried to the sea, where, flow over the .Atlantic coast and the Mississippi 

Scale8.-The area of the United States (exclud- along with material derived from· the land by and Ohio valleys from the Gulf of Mexico to the . 
ing Alaska) is about 3,025,000 square miles. On the action.of the wav~s on· the coast, they form. Great La'kes; the Appalachian Monntains would 
a map with the scale of 1 mile to the ·inch this 8edimentwry rocks. These are·usually hardened become an archipelago, and the ocean's shore 
would cover 3,025,000 square inches, and to into conglomerate, sandstone, shale, and limestone,' would traverse Wisconsin, ~owa, and Kansas, and 
accommodate it the paper dimensions would need but they may remai~ unconsolidated and still be extend thence to Texas. More extensive changes 
to be about 240 by 180 feet. Each square mile called."rocks" by the geologist, though popularly than this have repeatedly occurred in the past. 
of ground surface would be represented by a known as gravel, sand, and clay. The character of the original sediments may be 
square inch of map surface, and one lin.ear mile From time to time in geologic history igneous changed by chemical and dynamic action so as to 
on the ground would be represented by a ·linear and sedimentary rocks have been deeply buried, produce metamorphic rocks. In the metamor
inch on the map. This relation between distance consolidated, and raised again above the surface phiEfm of a sedimentary rock, just as in the meta
in nature and corresponding distance on the map is of the water. In these processes, through the morphism of an ignequs rock, the substances of 
called the scale of the map. In this case it is "1 agencies of. pressure, movement, and chemical which it is composed may enter into new com
mile to an inch." The scale may be expressed also action, they are often greatly altered, and in this binations, or new substances may be added. 
by a fraction, ·of whi-ch the numerator is a length condition they are called metamorphic rocks. When these processes are complete the sedimen
on the map and the denominator t.he correspond. Igneous rocliB.-These are r'?Cks which ~ave tary rock becomes crystalline. Such changes 
ing length in nature expresSed in the same unit. cooled and consolidated from a liquid state. As transform sandstone to quartzite, limestone to 
Thus, as there are 63,360 inches in a mile, the has. been explained, sedimentary rocks were marble, and modify other rocks according to 
scale o~ "1 mile to an i~ch " is expressed by 6lI.~ deposited on the original igneous rocks. Through their composition. A system of parallel division 
Both of these methods are used on the maps of the igneous aDd sedimenta"l'J ;rocks of all ages planes is often produced, which may cross the 
the Geological Survey. molten material has from time to time been forced original beds or strata at . any angle.· Rocks 

Three scales are used on the atlas sheets of upward to or near the surface, and there consoli· divided by'iuch planes are called slates or schists. 
the Geological Survey; the smallest is ~,the dated. When the" channels or vents ·into which Rocks of any period of the e~'s history may 
intermediate 125~OOO' ~nd the largest \\Ilk- TJtese this molten mate.rial is forced do not reach the be more or less altered, but the younger forma
correspond approximately to 4 miles, 2 miles, surface, it may consolidate in cracks or :fi;00,8ures tions have generally escaped marked memmor
and 1 mile on the ground to an inch on the map. crossing the bending planes, thus forming dikes, phism, and the oldest sediments known, though 
On . the scale 62,1.0 a square inch· of map surface or spread out between the strata in large bodies, generally the most altered, in somE" localities 
represents and corresponds nearly to 1 square called sheets or laccoliths, or form large irregular remain essentially unchanged. 
mile j on the scale lsil500l to about 4 square miles j cross-cutting masses, called stoch!. Such rocks are 8ur.flcial rocks.-These embrace the soils, clays, 
and on the scale25(jl00fj)to about 16 square mile!3. called infJrusive. Within their rock inclosures sands,gravels,andbowldersthatcoverthesurface" 
At the bottom of 'each atlas sheet, the scale is they cool slowly, and hence are gene!a11y of crys: whether derived from the breaking up or disinte
expressed in three different ways, one being a talline texture. When the channels reach· the gration of the underlying rocks by atmospheric 
graduated line representing miles and 'parts of surface the lavas often flow out and build up agencies or from glacial action. ~urficial rocks 
miles in English inches, another indicating dis· volcanoes. These lavas coo~ rapidry in the air, that are due to disintegration are produced chiefty 
tance in the metric system, and a third giving the acquiring a glassy or, more often, a partially crys- by the action of air, water, frost, animals, and 
fractional scale. talline condition. They are usually more or les., plants. They consist mainly of the least soluble, 

Atlas 8heets and quai/;rORl{/le8. -The. map is .porous. The igneous rocks thus formed ·upon the parts of the rocks, which remain after the more 
being published in atlas sheets of convenient aize, surface are called ewtl'1J;8ive. Explosive action soluble parts h~ve been leached out, and hence 
which are bounded by parallels and meridians. often accompanies volcanic eruptions, causing are known as residual products. Soils and sub. 
The corresponding four.comered portions of tel'. ejections of dust or ash and larger fragments. soils are the most important. Residual accumu
ritory are caRed q1uadra'flgles. Each sheet on These materials when consolidated constitute lations are often washed or blown into valleys or 
the scale of ~) contains one square degree, 1. e., a breccias, agglomerates, and tn.:ffs. The ash when other depressions, where they lodge and form 
degree of latitude by a degree of longitude j each carried into lakes or seas may become stratified, so deposits tha.t grade into the s,edimentaiy class. 
sheet on the scale of at.ooo contains one-quarter of as to nave the structure of se~mentary rocks. Surficial rocks that are due to glacial action are 
a square degree j each' sheet on a scale of ~ The age of an igneous rock is often difficult or formed of the prod.ucts of disintegration, together 
contains one·sixteenth of a square degree. The impossible to determine. When it cuts across a with bowlders and fragments of rock rubbed from 
areas of the corresponding quadrangles are about sedimentary rock it is younger than that rock, the surface and ground together. These are 
4000, 1000, and 250 square miles, respectively. and when a sedimentary rock is deposited over spread irregularly over the territory occupied 

The atlas sheets, being only parts of one map of it the igneous rock is the older. by the ice, and form a mixture of .clay, pebbles, 
the United States, are laid out without regard to Under the influence of dynamic and chemical and bowlders which is known as till. It may 
the boundary lines of the States, counties, or town· forces an igneous rock may be metamorphosed. occur as a sheet or be bunched into hills and 
ships. To each sheet, and to the quadrangle it The alteration may involve only a rearrangement ridges, forming moraines, drumlins, and other 
represents, is given the name of some well-known of its minute particles or it may be accompanied special forms. Much of this mixed material Wt:1.8 

town or natural feature within its limits, and at by a change in chemical and mineralogic composi· washed away from the ice, assorted by water, and 



redeposited as beds or trains of sand and clay, 
thus forming another gradation into sedimentary 
deposits. Some of thi~ glacial wash was depoAited 
in tunnels llnn dmnnels in the ice, and forms ehal" 
aeteristie ridges ann mounds of sand and f,'Tavel, 
known as osars, or eskers, and kames. The 
material deposited hy the ice is calleel giacial 
drift; that washed from the ice onto tIle adjaeent 
land j~ ('albl modified drift. It is usual also to 
class as surficial ro('ks the ueposits of the sea and 
of lakes aud l'iYe1"s that "were made at the same 
time as the ice deposit. 

AGES OF ROCKS. 

mentfUJ" formations of anJ~ one period, excepting I principal mineral mined or of the stone quarried. I PaJ'ts slipped past one a.nothel'. Such breaks are 
the Pleistocene and the Archean, are-distinguished I StJ'ucture-8tction sheet.-This sheet exhibits the termed faults. 
from one :tllOther by different patterns, made ?f 'll'ClatiollS of the formations beneath the s11l'fa~e. I On the right of tte sketch the section is com
parallel straight liIles. Two tints of the period- In cliffs, canyons, shafts, and other IJ'atural and i pos~d of schists ·wllich arc tmverseo hy masses uf 
color are used: a pale tint is printed evenly over artificial cuttings. the relations of different beds igneous rock. The sehiRts are much contorted 
the ·whole surface representing the periou; a dark r to one anothor may be seen. Any cutting ,,,1ich I and their arrangement undm'ground can not he 
tint hrings out the different patterns representing exhibit8 those relations is called a 8ection, and t~e I infeITed. Hence that port jon of the section 
formations. 1£aeh formation is furthermore gi\-en same name is applied to a diagram representing I delineates what is prohahly true but is not 
- - - - - the rehtions. The arrangement of rocks in the known hy observation or well·founded inference. 

Cenozoi(' 

___ ~=-I~=L 1= = = ~ earth i" and a l'ection exhibit· In fig. 2 there are thrl':'e setR of formation8, dis· 
.1 p I Any colol"1j ing tIlis arrangement is a structll1'e 8ection. tinguished by their underground relation". The 

The gl':'ologist is not limited, }lOwever, to the first of these, seen at the left of the section, is the 
natural and artificial cutting" for his information set of sandstone" and shales, which lie in a hori· 

E IOlive-urowII.'>. concerning the earth's structure. I Kno"wing the zontal position. These sedimentary strata are 
Rocks are furth,er djstingllished according to Mesozoic manncr of the ·formation of rocks, and having nO"\v high above the sea, forming a plateau, and 

their_relativc for they "\vere not formed ani traced out the relations among beds on the sur· their change of elevation shows that a portion 
at one time, age to in the earth'fl race, he can infcr their relative positions after of the earth's mass has swel1ell upward from a 
history. Classincation hyage inuepenilent of Paleozoic they pass heneath the surface, draw sections lower to a higher level. The strata of this set are 
origin; i,gneous, sedimentary, and surficial rocks which rf'presellt the structure of the earth to a I parallel, a relation which is calletl coocfm-mobip. 

may be of the saBle age. £ Orange-browIIS. consideral)le depth, and construct a diagram I The second set of formaticHls of strata 
'Vhen the prenominant material or a rock mass . . Ai I Any colors. I exhibiting what would bc seen in the side of a which form arches and troughs. These strata 

is essentially the s:urw, and it is bounded by rocks, ----- cutting many miles long and se\Teral thousand feet I were once continuous, hut the Cl'ei'lts of the arches 
of different materials, it is convenient to call the I a letter'''YlUhol composcd of the "periou letter com· ! deep. This is illustrated in the fol1o"\\ing figure: I have been removed hy degrallation. The beds, 
mags throughout its extent and such binell with smull l?tters standing for the forma· [like those of the first set, are confol11mhle. 
tt formation is the unit of tion name. Tn the case of a 8f~dimentary formation The horizonal stmta of the plateau rest upon 

Several formations are of uneertain age the pattern is printl':'d on "\vhite ! the upturned, eroded edges of the Leds of the 
nefl.ignated a the ground in the color of the period to which the I second set at the left of the section. The over· 
dpI)Osition of a IS called all epoch, and formation is supposed to helong, the letter.symbol I lying deposits are, from their positions, evidently 
th\"' time taken for that of a system, or some of the period bcing omitted. younger than the underlying formation~, and the 
larger fradion or a system, a period. The rocks The numher and extent of surficial formations, beneling and degradation of the older strata must 
are 1)), forlllations, and the formations are 1 chiefly Pleistocene, render them so important that, have occurred bet"ween the deposition of thl':' 

into Sy'ltClml. The rocks compoRing a I to dii4inguish them from those of other periods older bcds and the accumulation of the youngcr. 
s~'Rtem and the time takel~ fo~ its dcpofl.ition ~re I a~ld {rOll] .the i~neous rockA, patterns of dots and ,"Yhen ,vollnger strata thus rest. upon an eroded 
gn~en the same name, as, for mstance, Carnbrmn CIrcles, pl'lnted Ht any colors, al'e used. Fig. 2.-Sketc~:u~~~t~ v:ra:~~c:e;!i~~y~nn~:le front of the surface of older strata tlle relatlOll betwet'n the 
system, Camhrian period. I The origin of the Archean ro('ks is not fully two is an 'll!ll.con/orrnable ono, and their surface 

As sedimentary deposits or strata accumulate settled. Many of them are certainly igneous. The fie,"11re represents a landAcape which is cut of contact is an unconforrn£ty. 
the younger rest on those that are and the I ,"Yhether sedimentary rocks are also included is off sharply in the foreE,"1'ound hy a vertical plane, The third set of formations consists of crystal. 
relath'e of the deposits may be not determined 'rho Archean rocks, and all so as to shO\\ the underground relations of the line schists and igneous rocks. At some period 
by their relative positions. This rela, I metamorpllic rocks of unknown origin, of what· rocks. of their history the schists were plicated hy prf't' 
tiOIlSliip except in regions of intense I eyer age, arc represented on the maps by patterns The kinds of rock are indicated in the section sure and traversed by eruptions of molteu rock. 
dit>turbance; sometimes in such regions the dis./ consisting of short dashes irrregulady plaeed. by appropriate symbols of lines, dots, and dashes. But this pressure and intrusion of igneous roeks 
turhanee of the beds has been so great that their TheAe are printed in any eolor, and may he darker rrhese symbol:; admit of much variation, hut the h3\~e not affected the overlying strata of the 
position is reversed, and -it is often difficult to i or lighter than the haekground. If the rock is a following are generally used in sections to repre· second set. Thus it is evjdf'nt that an intelTal of 
dl'tel'miue the relative ages of the beds fronl their I Rchist the dal'lhf'" or haehures lllay he arranged in sent the commoner kinds of rock: considerahle duration elapseo between the forma· 
pOl'litionB; then /088il.Q, or the remains of plants I wavy parallel Jines. If the metamorphic rock is tion of the sehists [Lnd the beginning of depositiun 
and animals, are guides to show 'which of t\VO [ known to be of sedimentary origin the hachure .. B-:; of the ,tratn of t),e secona set_ During this 
or more formations is the oldest. . patterns may be comhined with the parallel.line '._' ~._~~~ interyal the schist" suffered metamorphism; they 

Strata often contain the remains of plants and! pattcrns of sedimentary formations. If the rock' . were the scene of eruptive activity; and thoy 
animal" which liYed in the sea or ,,'ere washecl is reeognized as haying been originally igneollB, Sh!\lylimestones. were deeply erodell The eontact between the 
from the land into lakes or seas or were buried in the hachlU'es may be cOlllLined with the igneous seeond and third sets, rnarking a time interntl 
Rurfieial deposits on the land. Rocks that con· pattern. ~--- between two periods of rock formation, is another 
tain the remains of life are called fossiliferous. Known igneous formations· are represf'nted by ~~-=-__ ~~~~. __ ~~-~- unconformity. 
By studying these remains, or fossils, it has patterns of triangles 01' rhombs printed in any 'rhe secti~n and landscape in fig. 2 are ideal, 
found that the species of eaeh period of the earth's hrilliltnt color. If the formation L.., of known age Slmlysandstones. Calcareous sandstones. but they illustrate relations whieh actually O(·cur. 
history have to a great extent differed from those the ]ettl':'J".symbol of tlle formation is preceded by I rrhe scctions in the strllcture·seetion sheet are 
of other periods. Only the simpler kinds of the ~apitlLl letter.symbol of the proper period. I related to the maps as the section in the figure is 
marine life existed when the oldest fossiliferous If the age of the formation is UIlknown the I related to the landscape. The profiles of the sur· 
rocks "were deposited. From tillle to time more ll':'tter.symhol consists of small letters which face in the section correspoud to the aetnal slopcs 
complex kind" developed, and as the simpler ones suggest the name of the rocks. of the grounu along the section line, and the depth 

lived on in modified forms life became more 'l'HE VARlOUR GEOLOGIC SHEETS. Fig. 3.-Symbols med to ;;~~::::d(~~;:~::;::(:c: rock. from the surface of any mineral,pl'oducill[; or \yater· 
varied. But during each period there lived pecul" bearing stratum which appeaJ'S in the section may 
iar forms, ,\ hieh did not exist in earlier times Areal geology slwet.-This sheet shows the TIw plateau in fig. 2 presents toward the lower be measured by using the scale of the map. 
and have not existed siuf'e; these are charadeI'. areas occupied by the various formations. On land ali escarpment, or -front, which is made up Colwn·nar section slwet.-rrhis sheet contains a 
istic types, and they define the age of any bed of I the margin if! a legend, whidl is the key to the of sandstones, forming the cliffs, and shales, con· concise description of the rock formations "which 
rock in which they are found. Other t)"'Pes map. To ascertain the meaning of any pfU'ticular stituting the slopes, as shown at the extreme left occur in the quadrangle. It prescnt~ a AHTtlmary 
passcd on from period to period, and thus linked f'olol'cd pattern and its letter.symbol on the map, of the section. of the facts relating to the eharaeter of the roeks, 
the systems togcthe:r, forming a chain of life from the reader should look for that color, pattern, and I The broad belt of lower land is traverAed hy the tbicknesAes of the formations, and the order 
the time of the oldest fossiliferous rocks to the symhol in the legend, where he w'ill find the llttllle I several ri(lges, which are seen in the section to of accumulation of snccesRive dcpo'lits. 
present. and dcscription of the formation. If it is desired correspond to beds of sandstone that rise to the The rocks are deseribed undcr the corresponrl. 

'Vhen two formations are remote one from the to flnd any given formation, its name should be surface. The upturned edges of these hed" form heading, and their characters are indicated in 
other and it is impossible to ohserve their relath'e sought in the legend and its c,oll'Jr and pattern the ridges, and the intermediate "alleys follow columnar diagrams 11y appropriate l'ymhols. 
positions, the charaeteristjc fossil types found in 1 note(~, "when the areas on the map corresponding thc outel'ops of limestone and calcareous shales. The thicknesses of formations are briven in figures 
them may determine which was deposited first. i in color and pattern may he traced out. Where the ed?es of the strata appear at the w hic11 state the least and greatest meaSl11'ements. 

Fossil remains found in the rocks of different I The legenu is also a partial statement of the surface thejr thickness can he measured and the The average thiekness of each formation is shown 
areas, provinces, and continents afford the most i geologic history. In it the symbol" and names angles at which they dip below the surf'uce can be in the column, which is drawn to a scale-usually 
important means for combining local histories are arrallged, in columnar form, aecording to the ohRened. Thus their pOfl.itions underground ean 1000 feet to 1 inch. The order of accumulation ~f 
into a general earth history. I origin of the f01'mations-surfieial, sedimentary, be inferred. The direetion tlmt the intersedion the sediments is shown in the eolumnflr arrange· 

(jolo!'8 and pattern8.-To show the relative ages I and igneous - and within eaeh group they are of a bed with a horizontal plane will take is ealled jlllent: the oldest formation is placed at the bottom 
of strata, the history of the sedimentary rocks is [ placell in the order of age, so far as known, the the 8tl'ike. The inelination of the bed to the hori. i of the colmnn, the youngest at the top, and igne. 
iliyided into periods. The names of the periods at the top. zontal plane, measured at right angles to the strike, ous rocks or surficial deposits, when present, are 
in proper order (from new to old), with the colors geology sheet.-This sheet represent" is called the dip. I indicated in their proper relations. 
and symhol assigned to eaeh, are given in the the distrihution of m;efulminemls, the occurrence \Vhen strata "which are thus inclined are traced I The formations are combined into systems 
table in the next column. The names of certain of artesian water, or other facts of ecollomic inter. underground in mining, 01' by iJd'erence, it is fre· ,which correspond ,vith the periods of geologic 
subdivisiollA and groups of the periods, frcquently est, showing their relations to the features of topo. qnently observed that they form troughs or arehes, I history. Thus the flges of the rockA are shown, 
used in geologic writings, are bracketed against graph)' 11nd to the geologic {ormations. All the snch as the section ShO\'lS. The arches are called! and also the total thickness of caeh system. 
the appro}Jriate period names. formations "\vhieh appear on the histori(ial geology allticline8 and the troughs 8ynclines. But the I The intervals of tillle which correspond tq 

To di"tinguish the sedimentary formations of sheet a.re Rhown on this sheet by [ai,nter color pat. sandstones, shales, and limestones were deposited I events of uplift and degradation and cO!lstitnte 
anyone period from those of another the patterns terns. The areal geology, thus printed, affords a beneath the sea in neurly flat sheets. That they interruptions of deposition of sediments are ilidi· 
for the formations of each period are printeu in subdued background upon whieh the areas of pro- are now hent and folded is regarded as proof that I cated graphically and hy the w-ord "unconformity." 
the appropriate period.color, "'i,,""ith the exception ductiye formations may bo emphasized hy strong forces exist which haye from time to time caused i CHARLES D. "W ... \.LCOTT, 
of the one at the top of the column (Pleistocene) colors. A symbol for mines is introdueed at each the earth's surlaee to wrinkle along certain 7.0neR. I Director. 
and. the one at the bottom (Archean). The sew· occurrence, accompanied Ly the name of the In places the strata are broken across and the, Revised January, HJ02. 



DESCRIPTION OF THE ELLENSBURG QUADRANGLE. 

By Gtlorge Otis Smith. 

GEOGRAPHY. I ridges extend westward toward the more rugged I much as it is in greater part fed by glacial streams at present covered with merchantable timber is 
mountains of the Cascade Range. The highest I and thus maintains a large discharge during the estimated at 122 square miles, ·with a total stand 

~VatwJ'al divisions of the Btate.-The State of elevation reached \yithin the quadrangle is 6143 'hot months, when its waters are most needed. of 150 minion feet B. M. From 68 square miles 
'Vashington comprises fiye great divisions, which' feet, on Bald Mountain, in the northwest corner, I Manastash Creek, in the northern part of the the timber has been cut. 
are geologically as well as geographically distinct. I and the lowest part is along Atanum Creek, whicll quadrangle, furnishes water for the irrigation of CultU7'e.-The larger parts of two cities are 

In the western part of the State the Olympic crosses the eastern edge of the quadrangle at about land southwest of Ellensburg, and this supply included in this quadrangle-Ellensburg, near the 
Mountains overlook the Pacific and, forming 1000 feet above sea level. has been some-.,yhat improved by the construction northeast corner, with a population of 1737, and 
apparently the northern extension of the Coast, Several ridges having a general east-west trend of a storage darn at the outlet of Manastash Lake, North Yakima, about 25 miles south,on the eastern 
Range of Oregon, are themselves represented! divide the district into a serit's of parallel -.,~alleys, near the northwest corner of the quadrangle. edge, with a population of 3154 in 1900. These 
northward, beyond Juan de Fuca Strait, in the: the western portions of which fall within the Irrigation has heen developed in the valley of cities are the county seats of Kittitas and Yakima 
heights of Vancouver Island. ! limits of the area here described_ These ridges I Wenas Creek to such an extent as to effect a com- counties, respectinly, and are supply centers for 

East of the high mountains of the Olympic rise to elevations of from 1000 to 3000 feet above: plete diversion of the water during the dry season the surrounding country_ There are several other 
group is the Puget Sound Basin, a depression I the valleys and are characterized by gentle slopes I and to necessitate a di\Tision of the supply by the pORt-offices, but the population outside of the hvo 
which is very noticeable ~ecause of itR pORit~on I and even-topped crest_s_ _ The stream ('hann~ls and , court~_ .. Somewhat similar conditions ohtain i.n ;~ties is generall~ scattered along the yalJeys. 
between parallel mountam ranges, and whICh gulches that seore thelr s]d~s are hardly notICeable, I, the YlClmty of Atanum Creek, where there IS I I he total populatIOn of the quadrangle was about 
extends beyond the boundaries of the State, south- and in IrIany places an apparently unbroken slope, more land under cultivation than the-wilter supply 8800 according to the census of 1900. 
'ward in the WiUamette Valley of Oregon and extends from the valley floor to the ridge crest I warrants_ The Ellenshurg-North Yakima region I Some manufacturing is carried on in Ellenshurg 
northward in the sounds of British Columbia. I ahoye. Between the ridges are the canoe-shaped I is already more extensi,Tely irrigated than any' and North Yakima, but the prineipal indnstry 
Its characteristic topography and geology are. valleys, which, with the heights, will be more fully other district in the State of Washington, and I of the region is agriculture_ The crops that are 
described in the Tacoma folio, No. 54. ! described in a later section, in connection with the additions are being made to the system of canals cultivated are many and ,"aried_ On the irrigable 

The third division is the Cascade Range, a discussion of their origin (see pages 4 and 5)_ by which the available water supply is utifized. land of the Kittitas and Naches valleys is raised 
mountain mass having a north-south trend and I The most remarkable feature of the relief of I Future developments, however, must be through hay-alfalfa, clover, and timothy-which com
forming the most prominent feature of the State. 'this area is the canyon of Yakima River, an i construction of storage reservoirs at the head. mands the highest price in the Puget Sound 
This line of uplift is a continuation of that of the I important tributary of the Columbia~ which is cut waters of Yakima and Naches rivers_ markets. Among the cereals, wheat, oats, and 
Cascade Range of Oregon, hut the Cascades of transversely across the ridges and has no relation Olimate.~This area shares in part the arid barley are grown. Potatoes, sweet corn, and 
Washington deserve further subdivision_ From I to the present topography_ This canyon, which climate of the Great Plain of the Columbia. In other vegetables are shipped in large quantities 
Columbia River northward to the vicinity of I is followed by the line of the Northern Pacific the vicinity of North Yakima the annual rainfaJI I from these valleys. In the .vicinity of North 
Mount Rainier the range resembles the Oregon por- Railway, is very bold and deep where it cuts the averages slightly more than 8 inches, while at t Yakima, app1es, peaches, prunes, pears, cherries, 
tion, both in topography and in geology, basaltic higher ridges, and the scenery along the railroad Ellensburg the average precipitation is about 10 : and apricots of the :finest quality are grown. 
and andesitic lavas of Tertiary age constituting I line is especially fine in that section immediately inches_ In exceptional years the rainfall may be I The distriet has also long been famous for the 
the material from which the mountains have been I beyond the eastern boundary of this quadrangle_ considerahly less than the amount stated; it was I excellent qu~lity of its hops, and this, crop con
constructed_ In this folio is described a portion, It is represented in Selah Gap, 2 miles north of less than 4 inches in 1898 at ElIensbUl'g_ The tinues to be an important one. 
of the eastern flanks of this type of the Cascade I North Yakima, and is much deeper north of Selah I western and higher portions of the quadrangle are Many large herds of cattle and bands of sheep 
Range. Farther north, however, older rocks! Va.lley_ The relation of the course of the river to i eharacterized by a semi-arid climate, due to the are wintered in the valleys of this region and 
appear in the Cascade Mountains and the topog- I the valleys is no less striking, since these also are I influence of the Cascade Range. Here the pre- furnish a home market for mudl of the hay raised 
raphy becomes more \'aried than to' the sonth. transverse to its course, and some of them, as the; cipitati9n is appreciably greater, as would appear here. The mountainous regions to the west 
rrhese geologic and topographic distinctions are I Selah-Wenas and Umptanum-Squa\v Creek .. aJ- \ were records available for the upper portions of furnish summer range for this stock, and in early 
sufficiently important to deserve recognition, and [leys, are high above the river level and indeed not I the Atanum and 'Venas yalleys_ In the upper summer the cattle and sheep graze in ~he higher, 
on this account the range from the vicinity of easily seen from the river bank_ Thus the water Yakima ValJey, records kept at Clealum and western portion of the quadrangle_ 
Mount Rainier northward to the forty-ninth par- gaps of Y akima Ri\~er interrupt the leyel crests Ellensburg show that the annual rainfall is more 

GEOLOGY. aUel win be termed the Northern Cascades_ The I of the ridges, and the shallmv parts of its canyon than three times as large at the fo~mer locality as 
application of this term beyond that is question- ' cut across the broad stretches of the valleys. at the latter, the distance between the two places GENERAL HISTOR Y OF OA8(JADE ~lfOUNTAINS. 
able, since there is in this vicinity an abrupt IJrainage and "loater supply_-The whole of the being but 25 miles. Snow persists well into the 
change from rugged peaks to the more rounded Ellensburg quadrangle is tributary to Yakima summer on the slopes of Bald Mountain. ORR'I'AOEODS AND )~AULIRR ]<;V]';N'l'S. 

and lower ridges north of the international bound- River, and thus belongs to the Columbia water- In the lo'wer valleys the winters are short, and Sonrces qf data_-The geologic 'history of a lim-
ary. The volcanic cones of Adams, Rainier, Glacier shed._ It is close to the eastern edge of the very cold 'weather is uncommon. The mean ited area like the Ellensburg quadrangle can not 
Peak, and Baker, that dominate both portions of humid Cascade slope, and therefore, though 'within annnal temperature in the vicinity of North be understood without some general knowledge 
the Cascade Range in Washington, are of later the arid region, is fairly 'well supplied with flow- Yakima is about 50° F_, and at Ellensburg it is I of the province of which it is a part. Only the 
date than the range itself, and their distribution ing streams. The master stream of the region is about 6° less. The summers are hot and dry and younger rocks are exposed within this district, 
does not affect the subdivision here proposed_ the Yakima, which, like its principal tributary, the percentage of bright, clear days is so high as and only the corresponding chapters of the geo-

The fourth important feature of Washington is Naches River, rises in the high mountains of the to especially favor agriculture. logic record. are here available; but in the North-
the Great Plain of the Columbia, a plateau region Cascade Range_ Tieton RiYer, an important trihu- Vegetation_-The vegetation of the Ellensburg erll Cascades much older rocks are founa, which 
that extends southward into Oregon and eastward tary of the Naches, is likewise fed by melting snow! quadrangle is scanty. Along the rivers and streams furnish data for earlier chapters in the history of 
into Idaho, and inc1uqes approximately one-third and ice and thus maintains a fairly constant dis- I a few trees are found, cottonwood. being abundant the province, and a brief outline of that history 
of the State. Its western border lies in small part charge throughout the summer. I on the banks of Yakima and Naches rivers in will be given as introductory to the more detailed 
in the Ellensburg quadrangle, or more exactly, The smaller streams, Umptanum, Wenas, the vicinity of North Yakima, 'ivhile yellow pine account of the events within the smaller area_ 
this quadrangle includes the border land between Cowiche, and Atanum creeks, whose drainage (Pinus ponde1'osa) occurs in the canyon of the Earliest known f!j}1·8oJes.-The oldest rocks 
the Columbia Plain and the Cascade Range_ basins lie wholly or mostly within the Ellensburg Yakima between Wenas and Ellensburg. The known in the Northern Cascades are of Paleozoic 

The mountainous dil;ltrict bordering the Colum- quadrangle, have more of a seasonal character, and native vegetation is an excellent index of the age and represent products of volcanic activity as 
bia Plain on the north and traversed by the inter- two of these creeks, Umptanum and Cowiche, varied climate of the region_ The lower valleys well as sedhnents. Their characters indicate that 
national boundary constitutes the fifth natural quite fail in portions of their,courses during the i and the ridges in the eastern half of the quadran- the conditions of sedimentation and of volcanism 
division of the State_ It includes the Colville SUl1\mer months_ The smaller tributaries of these, gle are treeless ana covered witJ:t sagebrush and were remarkably similar to tllOse obtaining in the 
Mountains, which apparently represent the south- creeks are wholly intermittent, being commonly I aAsociated desert shrubs, where the land is in its same period in the Sierra Nevada and in British 
ern continuation of higher mountail)s in British represented in midsummer only by It spring at primeval state, and the nutritious bllnchgrass is Columbia_ 
Columbia. the head of the dry stream channel' everywhere plentiful on the ridges, except where Of'etac8OUs 8eas. - During Mesozoic time sand-

Situation amd extent.-The Ellensburg quad-, Measurements of the Yakima at the Selah excessive grazing has destroyed it. Yellow pine stones and other sedirnents were laid down in 
rangle is bounded by the parallels 46° 30' and 47° I hridge,4 miles above the mouth of Naches River, OCCllrs in the western half Ot the quadrangle, portions of the Northern Caseade area, the most 
north latitude and the meridians 1200 30' and 121° I made by tlIe United States Geolof,,;cal Snney in appearing first as scattered trees and farther west important body of Cr:etaceous rocks lying imme
west longitude_ It measures somewhat over 34 18H7, showed the maximum monthly mean dis- in open groves_ Along the western edge of the diately south of the international boundary and 
miles in length north and south by nearly 24 miles cllarge to be 9:318 second-feet, in the month of May, area the pine is ahundant and of good siv,e, so that representing an extension of the Cretaceous sea 
east and west, and contajns 820 square miles. It and the minimum monthly mean to be 7UO second: hllnbering operations have been carried on in the southward from the interior region of British 
includes portions of Yakima and Kittitas counties feet, in the month of September. Similar measurt'- vicinity of the headwaters of Manastash, Wenas, Columbia_ Farther south the nearest known 
and is situated immediately south of the geo- ments of Naches River continue'd for three years and Oak creeks, and on the North.Fork of Atanllm area of rocks of sirn1lar age is in the .John Day 
graphic center of the State. give ft maximum monthly mean of 622U second- Creek. Red fir (Pseudnt8uga tamifolia), cedar Basin and Blue Mountains of Oregon, and thus 

TopoqrapAy_-Along the eastern border of the I feet, in May, and a minimum monthl) mean of :Hi2 (Tku,ja plwata), and hemlock (l'8nqa mertensiana) I central 1\T asbington ma.y have been at that time a 
Ellensburg quadrangle the country, in its general second feet, in September. N,whes River is con are the other foreAt trees in the western part of ' land area with Cretaceous seas both to the north 
aspect, suggests the Great Plain of tbe Columbia_ \ slaered the most important stream for ir1 Iga-I tbe quadrangle_ Near the lower course of Atanum and to tbe SOUtTl_ 
'I'he broad ridges and valleys are comparatiyely tion purposes in the State of Washington, and, I Creek yellow birch is found, while scrub oak 
featureless in detail, and sweep eastward until I as indicated on the map, canals taking water I and maple occur along several of the streams, 
they are" seen to merge into the plateau country' from it supply the Lest agricultural land :iVithiH these trees being especially abundant neal' the 
bordering Columbia River. In the eentraJ and the Ellensburg quadrangle. Tieton Hiver, which! mouth of TietoH RiYer. In the land classification 
western portions of the quadrangle, however, I enters the Naches about 15 miles above its mouth, I made under direction of tbe Division of Forestry 
there is greater topographic diversity, and the is especially adapted to irrigation purposes, inas- I of the United. States Geological ~urvey, the area 

'I'J<m'.rTARY AND J,A'l'ER EVl-)NTS_ 

Post-Ol'etaC80'1'('8 wplift_-The deposition of the 
Cretaceous rocks seems to have been followed by 
an epocb in which they and older rocks were 
fo!ded and uplifted_ Thus was an earlY,Caseade 



2 

Range outliued, although it may be that, tIle range the great thicK.ness of lava sheets. In some parls 
had an even earlier origin. Accompanying the of the area, however, there was volcanic activity 
post.Cretaceous mountain growth were intrusions of this nature, one noteworthy locality being Bald 
of granitic and other igneous rocks, which now Mountain, at the head of Wenns Creek. On the 
constitute a large part of the mass of tlle North- northeastern slope of this peak there are beds of 
ern Cascades. During all the time that any por- yellow tuff, full of angular fragments of basalt 
tion of this area was not covered by water the glass, 1vhich aggregate Reveral hundred feet in 
rocks were exposed to the vigorous attacks of thickness. 
atmospheric agencies. Thus at the beginning of, The successive flows of basalt eventuallyeovel'ed 
the Tertiary the Northern Cascade region appears the whole region, changing it from a beautiful 
to have been a comparatively rugged country, area of hills and valleys to a monotonous waste of 
although not necessarily at a great elevation above black rock. From the borders of this leveled 
sea level. plain of basalt rose hillR covered "with luxuriant 

Puget estuary.-During the Eocene period an vegetation, and during cessations in the eruptive 
extensive estuary or arm of the sea oceupied the activity Roil probably formed upon the rough 
Puget Sound area and extended well over toward surface of the cooled lava. and trees and shrubs 
the present axis of the range. Other large bodies obtained a foothold, only to be huried later by 
of water, probably fresh, existed in central 'Vaslt- flows of molten rock or deposits of tufl'. From 
ington, and in some cases may even have been the surrounding C0lll1tr~y the streams "washed 
connected with the Puget estuary. 'fhousands gravel and sand out upon the basalt plain, hut no 
of feet of arkose sediments were deposited at deposit.s of foreign material of this character are 
this time, and in these strata of Eocene age are knc)1,\tn at any distance within HIe mnrgin of the 
included aU the coal beds in the State that are of basalt areas. 
economic importance. In this period also began Fluviatile deposits and COnC1.lrrent 8'l'npUoJls.
the volcanism that in later epochs became so 1'oward the middle of the Neocene, the latter part 
characteristic of the province. The more extensive of the Miocene epoch, basaltic eruptions ceased In 
basaltic eruptions, however, occurred in the sue- this area. The piling up of such masses of heavy 
ceeding period, the N eocene, 'when an area meaSHr- rock material, masseR to be measured by thollRandR 
ing many thousands of square miles was buried of cubic miles, was undoubtedl,Y accompanied hy 
deeply beneath the flood of lava. In portions of more or less subsidence in the eentral portion of 
this vast area, sedimentation within shallo\v·water the area covered by the basalt flows, and the sub· 
bodies immediately followed the eruption of sidence also appears to have continued after the 
basalt, and the Miocene epoch closea with slight cessation of the eruption of basalt, 1'10 that tho 
tilting and folding of these deposits. The central area beeame a ba.."Iin in which sedimentary 
erosion that followed the exposure of these beds deposits accumulated. Streams flowed toward 
and the underlying rocks to atmosflheric action this depression and deposited their loads of sand 
continued until the whole region was planed and gravel upon the surface of the basalt. In the 
down to a lowland surface, possessing only slight Elleullburg region their contrihution was con
relief. This reduction of the area to what spieuously of foreign origin, consisting of pebbleR, 
appears to deserve to be termed a peneplain marks bowlders, and. sand derived f.rom light-eolored 
the destruction of the earlier Northern Cascadf!s andesitic lava, which must have been recently 
as a mountain range, but Tertiary time probably erupted farther west. No other rocks seem to 
closed with the uplift of this leveled surface to have been exposed to erosion within the a,rea 
form the present Cascade Range. This uplift at drained by these Rtreams, and. even pebbles of 
its very beginning inaugurated fresh attacks upon basalt are very rare in the deposits made by these 
the rock masses by the streams, and is so recent Miocene rivers. 
that streams and glaciers have as yet sueceeded The eruptions of andesite began before the 
only in giving to the range an extremely rugged basaltic eruptions ceased, since pebbles of ande
relief. sitic lava and pumiee are found in the bed of 

HTSTORY OE' ELLENSBURG QUADRANGLE. 

NEOCENE PERIOD. 

BasalUc eruption8.-In the western portion of 
the North American continent the early Neocene, 
or Miocene, ,vas preeminently a time of volcanic 
activity, and nowhere are the products of this 
volcanism more in evidence than in the basin of 
Columbia River. The Miocene basalt has covered 
almost the whole area, and usually, a..s in the 
Ellensburg quadrangle, this rock is only to a 
small degree concealed by later deposits. The 
character of the surface over which the molten 
basalt' \vas poured is shown along the margins 
of the vast pile of lava sheets, as in the Mount 
Stuart quadrangle, 1vhere, within a few miles of the 
northwest corner of the Ellensburg quadrangle, 
the basalt has been eroded so as to expose the 
older rocks. The contact between the lava and 
the underlying Mallastash formation indicates that 
the first flows of the Yakima basalt issued'upon a 
surface possessing considerable relief, but the 
inequalities were soon obliterated by the flood of 
molten rock whieh overflowed even the deepeRt 
valleys and covered the hilltops. 

In the same locality dikes of coarse basalt can 
be seen cutting through the older rocks and con
necting with the sheets of basalt above. They 
were the channels through which the molten rock 
found its way to .the surface, and to a large extent 
the eruptions appear to have been of the nature 
of a quiet upwelling of extremely liquid laya, 
which flowed for long distances over the surface, 
finally consolidating as sheets 25 or 100 feet, or 
eyen more, in thickness. In the canyon of the 
Yakima ten or more separate flows of this char
acter may be counted, and individual flows may 
be traced for great distances. Explosive erup
tions do not appear to haye been of common 
occurrence, since the beds of tuff whlch represent 
the fragmental material thrown out by such 
explosions are insignificant when compared with 

Ellensburg sandstone beneath the latest sheet of 
basalt (Wen as basalt). The character of these 
eruptions to the ",.'est was quite different from the 
fissure eruption of the basalt, as iR sho\yn hy the 
abundance of finely eomminuted volcanic glass and 
of large pieces of yery light pumice in the ande
sitic material. Such volcanic explosions furnished 
material readily swept away by the streams, ,yith 
the result that the latter became o\'erloaded and 
deposited gravel and sand 1vherever there was 
eyen a slight deerease in the grade of the stream. 
Where tIle streams entered the generally level 
basin of basalt these deposits were spread out in 
wide alluvial fans, consisting largely of coarse 
material, gravels and sands interbedded, yery com
monly with the eross stratification ehamcteristic of 
stream deposits. The portiOlls of the Ellensburg 
formation induded in the Ellensburg quadrangle 
thus represent:fl u viatile deposi ts made by eastward
flowing streams, and are marginal deposits probaNy 
of the same age as the truly lacustrine sediments 
laid down farther east in the same basin and now 
exposed at White Bluffs on Columbia Ui\Cer. 

Sedimentation continued during lai.er Miocene 
time until at last 1600 feet of strata had heen 
accumulated. Subsidence of the basin, a portion 
of which 1yaS o{'.cupied hy a lake, probably con
tinued throughout this period, so that the tribu
tary streams were able to continue to bring down 
{'.oarse gra-vels, which indeed Me rather more 
prominent in the later beds of these marginal 
deposits than in the earlier. Finer-grained sedi
ments occur at several horizons and may be taken 
as indicating conditions of "westward expansion of 
the lake waters, in which these well-stratified 
muds were deposited unmi~ed with the coarser 
contribution of the streams, which were checked 
at the western shore. Such conditions were only 
temporary in the Ellensburg region, and some df 
the beds of fine volcanic material may he of eolian 
origin, the showers of volcanic dUi:lt having cov· 
ered the flood plains over considerable, areas and 
also overloaded with silt the streams themselves. 

])f!j'ormation {(Ind erosion to lowland.-Toward courses of Tieton River and of the two'Cowiche 
the latter part of the Neocene period, the epoch creeks'were essentiany changed by it. The latter 
represented by the sedimentA of the Ellensburg creeks formerly entered Naches Uiver as separate 
formation closed with the elevation and folding Rtreams, hut when the lava plateau formed an 
of the Miocene beds. Throughout the Miocene effectual dam they were foreed to unite their 
there seemA to have been intermittent Rubsidence wat.erA and to seek an outlet around the end of 
of the earth's crust in this region bordering the the andesite flm-',r, entering the river several miles 
basin wherein the basalt was erupted and where fartller :loutheast. When the rrieton first began 
the overlying sediments were deposited. Now, again to flow down the yalley which had been so 
prohably early in Pliocene time, tlle movement deeply filled, it for a brief time sent some of its 
took the forIll of :flexing both rocks into gentle water southward into the Cowiche drainage, but 
archeR whose general trend was east-west. The soon it established its neVi' outlet farther north, 
arching wai'l not long continued, and the streams, where it encountered the easily eroded Ellensburg 
with inereased grade, began at once their attack sandstone and thus could cut a channel aroun(l 
upon the uplifted rocks, so that erosion took the the upper end of the laya plateau. Tllis new 
place of depositioll. First, the Miocene sands and junction with the Naches iA nearly 2 miles above 
gravels were cut away until these soft beds were the old, the old lava·fined channel a.t the point of 
wholly removed from the crests of the arches, diversion being shown in sedion on the east side 
and thereafter erosion continued until even the I of Tieton River opposite B. M. ] 681. 
hard basalt was taken away in considerable alllOlmt. Farther north similar volcanic actiyity gave rise 

The degradation of the land by the activity of to lava flo"\-vs which covered much of the basalt 
the streams was continueil with no apparent ces_ sllrfaee between Bald Mountain and Naches River, 
sation until the whole region was reduced to It but they did not extend far dow·n the canyon, and 
lowland. Its relief no\v became relatively insig- caused only local changes in the drainage. 
nificant, the reduction to the approximately level ])eposition of allnvium.-The damming of the 
plain, or peneplain, having reached such a degree COVv-iche creeks resulted in the deposition of stream 
of perfection that the resistant ba!'lalt was levded gravels in the lo,v land bellind the la,'a harrier. 
off equally with the 80ft sandstone. 'fhe Cowiehe waters were ponded until they 

LateJ' warping ana uplfft.-The peneplain reached the level of ahout 1700 feet., when they 
resulting from this effectual erosion was next overflowed around tlle southeastern edge of the 
affected by orogenic forces. Along lines for the lava plateau. Deposition of the gravels continued 
most part coineident \vith those of the earlier until the new channel had been cut nearly to its 
folding, the level surface was arched and at the present level, when these deposits 'w"ere in part 
same time the whole region was uplifted. This cut away and the remainder was left in well· 
process was an extremely slow one, but it e"entu- defined terraces. 
ally gave considerable relief to what had been a Alluvium also oceurs Itt the lower level of the 
featureless plain. The Rtreams tbat. had mefl.ndered present flood plain of Cowiche Creek, and js 
over the old lowlanil uow hegan to entrench them· plainly of later origin. Throughout the quad
seh'es, and where the arc1les of the >varped plain rangle the streams in their lower courses, where 
slowly rose athwart them the larger rivers per- their fan is slight, have deposited gravel, sand, 
formed the task of maintaining their channels. and silt, shown on the map as valley allyuium. 
The deep water gaps where Yakima .River cuts rfhe deposition is due in many cases to the estab· 
through these uplifted ridges afford unmistakable lishment of a local base-level for a stretch above 
evidence of the success with vi'bich the river a point where the stream has been engaged in the 
accomplished this task of keeping its right of task of cutting through hard basalt. In a large 
way. The valleys hetween the ridgeR furnished way, the extensive alluvial deposits of Kittitas 
natural routes for surface "vaters, and thus many Valley may thus be attributed to the period when 
of the tributa,ries of Yakima River have courses the river was cutting across the slowly rising 
consequent upon the warped hollows of the pene- Manastash and Umptanum arches, so that the 
plain. lower portion of the section of gravels Illay ante· 

PLlnSTOCENE PEl{JOD. 

(Janyon cutting.-The fossil leaves contained in 
the Ellensburg sandstone definitely fix its age a,s 
late Miocene, but for the events succeeding the 
deposition of these sediments no exact date can be 
given. It has seemed most plausible to fix the 
date of the peneplain as Pliocene and to consider 
the subsequent 1varping and uplift as events of 
late Pliocene time, which very prohably continued 
into the Pleistocene. The resulting canyon cut
ting was accomplished in large part before the 
latest glacial oecupation of the valleys, as 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 er'Uption.-'l'he most important event 
in the later history of this district was an erup
tion of andesitic laya somewhere in the higher 
mountains to the west. One of the lava streams 
had its origin in the vicinity of the Tieton Basin 
and flowed eastward dowh the canyon of Tieton 
River, which had been excavated to a depth of 
from 1000 to 3000 feet in basalt, and was now 
filled almost to the top with RuccessiYe floods of 
volcanic mud and of lava. The later streams of 
molten rock flowed out over the broad valley 
where Tieton River and the Cowiche creeks 
united with the Naches, covering the fertile bot
tom land and forming there the plateau which 
is now a marked topographic featnre. The lava 
stream cooled as it flowed, and finally stopped 
about 12 miles below the point where it issued 
from the canyon. 'fhe eastward slope of the 
hummocky upper surface of this flmv averages 
about 60 feet to the mile, 1yhich expresses the 
degree of fluidity of the lava at this point in its 
flow. At the end of the flow its tllickness was 
about 300 feet, the lava as it eooled forilling the 
wonderful columns at Pictured Rocks. 

1'his eruption of andesite does not seem to have 
affected the course of the Naches, but tlle lower 

date the Pleistocene period. A good example of 
the origin of these deposits on a smaller scale is 
along Wenas Creek, where, in its lower course, 
the stream has cut down to the hard ,\-Venas basalt, 
causing the upper part of the valley to he widened 
in the soft sandstone and making a flood plain a 
mile in width at one point. So, too, there was a 
",,-ide expansion of the valley of the ~:whes above 
where the river cuts across the western end of the 
Selah Ridge, although later a large part of this 
wide valley was occupied by the andesite flow. 

There are no deposits within this area directly 
referable to the Glacial epoch. The silts of the 
lower Yakima Valley may pOfl-sibly indicate the 
existence of ponded waters in this area. Groups 
of large granite bowlders fonnd in 'VenaR Creek 
and in Wide Hollow may also be referred to that 
time, since their size and their occurrence in va}, 
leys where no f,'1'anite is exposed indicate that they 
must have been dropped from masses of ic~ float
ing in the ponded waters of Yakima Valley. 

DESCjtIPTION OF THE ROCKS. 

On the Areal Geology map of this folio six 
formations are represented, the geolof,ric history 
of which has been traced in the preceding section. 
In the following paragraphs these rocks will . be 
described, especiany dIOse characters which afford 
a basis for the interpretation of the geology of the 
region, which i.s relatively simple. 

SEDIMENTARY ROCKS. 

Age acco1l'ding to flora.-The only sedimentary 
formation in this quadrangle is of Miocene age. 
Fossil leaves have been found iu the sandstone in . 
a quarry southeaRt of Ellensburg and just beyoUf_1 
the eastern edge of 'the quadrangle, and. in Kelly 
Hollow. The only other fossils which have been 
obtained from this locaJity are a few teeth of 
IIipparion; a Miocene representative of the horse 
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family. The Manastash I!3Ildstone whlch nnder· 
lies the Yakima. basalt contains an Eocene flora. 
The following report on the fossil plants from the 
Ellensburg formation has been made by Dr. F. H. 
Knowlton: 

So far as known, the first collection of fossil planta 
made in the vicinity of Ellensburg, Wash., was obtain¢ 
by Mr. J. B. Diller in the spring of 1893. This iss small 
collection, embracing only half a dozen pieces of matrix, 
and was made at a point about 6 miles southeast of Ellens
burg. It oontains several species, the moat abundant 
and characteristic being PlatanUB dil86Cta Lesq. 

In 1893 Mr. I. O. RU88ell obtained. from the same 
locality a considerable collection, in which I Wll8 able to 
recognize ten species.* I have recently studied. this col
lection again, and present the following list of species: 

SaUa: Nriam Gappert. 
SaU3J pa6'Ud.o-argentea Knowlton. 
Populus g1and,uu,r,ro Heer. 
Populus rU88elli Knowlton. 
Alnussp. 
Ulmus aaUj'ornka Lesquerenx, 
U/,mw pBMJ4o-j'UlIca Lesquerenx. 
Platanus tUaaecta Lesquereux. 
Platanus aceroideaJ (Gappert) Heer. 
lXoep1JfVJ8 eUf,pUca Knowlton. 
Magflolia lanoeotata Lesquer6nx. 

I have rooen.tly received an additional small collection 
made at Kelly Hollow, Well88 Valley, by Mr. Goo. Otis 
Smith. The following forDl8 are represented: 

SaU:.t: engelhard,U Lesqn6renx. 
SaUro pseudo'argentea Knowlton. 
J!liaus O'regonicma LeBquereux, Bmallleaves. 
Quercw pB6'Udo-lyrata Le.Bquerenx. 
Quercus dagana Knowlton. 
J)iQ8P1J1'08 ellf,pfllfJ!Z Knowlton. 

The ma.trix of the specimens in all three of these col
lections is similar, being a white, generally fine-gra..ined 
volcanic ash. It is identiool in Bppeamnce with that 
from Van Horn's ranch (MascaJI beds) in the John Day 
Basin, Oregon. 

Of the 15 forms above enumerated 12 or 13 are found 
in gre&ter or leas abundance in the MascaJI beds, and. 
I do no:t hesitate to refer the Ellensburg msterial to this 
horizon. The Mascall beds are regarded. 88 being Upper 
Miocene in age. . 

Volcanio origin o/"",terial.-The Ellens~urg 
formation is of the same age, therefore, as the 
Mascallfonnatlonof the John Day Basin in Oregon. 
Like it, the Ellensbutg formation is composed 
largely of volcanic sediments, which are of foreign 
origin. Pebbles or bowlders derived from the 
underlying basalt are only rarely seen, the, con
glomerate beds being composed of pebbles of 
light-gray and purple hornblende-andesite and of 
white pumice of the same composition, while the 
sandstones and shales of the Ellensburg formation 
consist of finely comminuted andesitic material, 
which represents in part the volcanic dust from 
explosive eruptions. The lava from which these 
pebbles and bowlders were derived is not exposed 
within the Ellensburg quadrangle, but undoubt
edly occurs in the mountains to the west. 

The distinctive characters of this formation, its 
andesitic composition, and the coarseness of the 
material, as well as the common occurrence of 
cross stratification or stream bedding, are best 
shown in the following descriptive section, which 
was carefully measured by Mr. Calkins along the 
bluffs north of Naches River. 

Semion of EllenIburg fQN11ation alO'nfl f1l6 north side of 
Naahe8 Valley. 

Brown pumice sa.nd, varying in texture &Ild 
color, in part concealed, approximately.... 143 

Brown pebbly sa.ndatone or conglomerate, 
with small basalt pebbletl in a matrix of 
ashy sa.nd.. ..•... ............•... .......... 100 

Gray and brown I:I8.11dstone&lld pumiee sand.. 90 
Conglomerate, andesitic pebbles, with a few 

baBaltic pebble&, in ashy matrix............ 111 
Brown tuffaceous sandatone, with much 

pumice.. ..•... ..... 211 
Partly consolidated sand, composed mainly 

of pumice grains ...•.......... ,..... . ... .. 85 
Soft, light-gray ash............. 1 
Brown pnmice sand,......... 10 
Porous sJnter.... 1.5 
COIU'88, brown, tuffaceons sand, partly con-

IIOlidaU!d.. ... ...•..• . ......•......... 
Coarse. soft, gray sandlltone, composed of 

angular andesite fragments ............... . 
Yellowish-white pumice cbnglomerate ....... . 
Fine gray sand, .silt, and pumice sand well 

stratified ....................... . 
Coarse· to :flne-grained. brownish-gra.y, soft 

tnffaeeous sa.ndlltone, with pumice and 
andeSite fragments .... "" ...•... ...... .... 25 

PumIce conglomerates a.nd. interbedded tuJfa,. 
coous sandstone .. . .. .. .. ..•... .... .. . 12.6 

Hard, :line gray sa.ndstone. ... ... .. 1 
Fine brown sand, partly consolidated...... 3 
Grayish-bNWD sand, with a few pumiee peb-

bles ............ . 

*Bee Boll._U. S. Gaol Survey No. ~08; A geological reoon
noillllance In central Washington, }:Iy I. C. RUl!8ell. 

ElIlmiburg. 

Reddish-brown conglomerate, with large 
bowlders .......... 20 

Hard IIt\Jldstone, with caJcareoUJ layers. .. 1 
Coarse, gray, pebbly sand, cross bedded.... . 15 
Brown tuffaceous sand, with mpilli.. .... .. . 1.6 
Coarse conglomerate of andesite and pumi~. 
Grayish-brown tuifaceous sandstone, with 

pumice pebbles ..............•.... 
Well-bedded gray sandstone and shale, with 

pumice pebbles.... 18.6 
Brown tuffaceous sandstone, pebbly..... .... 3 
Andesite conglomerate aud pa.:rtly consoli-

dated sand, with some pUwlc6 pebbles.. ... 3() 

Pumice anti andetlite conglomerate.... . . 9.6 
Fine, Cl'OIIs-bedded soft sandstone, with bed 

of angulaz: pumice ... 
Coarse pumice conglomerate .. 
Fine gray sand and silt, with much pumice .. 
Pebbly sand, with pumiea pebbletl........... 10 
Pale-lavender soft shale ................... 1 
Gray tuff aI.1d Mnd .... _ ... '" .............. . 
Light-brown :line sandlltone, grading up into 

chocolate cIa.y ................•.•.........• 
Pebbly sandstone, in part tuffaceous, with 

intercalated layers of pumiee pebbles and 
fragments .. ,....... 82 

Andesite agglomerate, flne grained 
Medium-grained gray sandstone 
Andesiticgravel. .... 
Coarse sand and gravel. . 
Hard sandstone .. 
Fine to coarse, medinm-flne, gray and brown 

sandll, with lapUli and pumice pebbletl.... 28.11 
Coarse sa.nd, with bowlders stained. brown... 6 
Medium-grained hard sandstone ......... . 
Fine andesite gravel, with coarse aand, partly 

consolidated.......... 10 
Gray tmla.ceous sand, with flue pumice ....•. 
Conglomerate pebbles, averaging about 2 

in.ch.as. covered with da.:rk-brown varnish.. 20 
Fine light-gray, tuifaceous sandstone. . . . . . . . . 2 
Dark-gray coar.se S8.nd, cross bedded, with 

small andesite pebbles ...... . 
Fine- to medium-grained, light-gray tda,. 

ceous sandlltone and silt:...... 6.5 
Andesitic agglomerate, fine grained..... . 10 
Dark-gray sand, cross bedded............ 1.5 
Conglomerate pebbles, mostly andesite, with 

a few of basu.lt, averaging about 2 inohes, 
obBOurely cross bedded, with lenses of sand 20 

Sandy tuff, with fine lapiIli.. 6 
Fine grayea.nd, cross bedded.. 1 
White tuff, :Bne lapilll in matrix of feldllpa,thic 

sand .......... . 
Light brownish-gray ash 
Softea.nd •....... , ........................ . 
Fine white silt ..... " '.' .. . ..... ,.... . ...... . 
Fine light-gray tuffalleoU8 sandstone and Mh, 

coarser in upper portion ..........• , ....... . 
Coarse agglomeratic sandstone, composed of 

subangular fragments of andesite inter
stl'atified with gray aa.ndstones and pumice, 
tuJf, and conglomerate.... ...... 88.1) 

Fine tuft', light gray, structul'l:lless . . . 4.6 
Rough sandy conglomerate of andesite peb-

bles .......... , ............. . 
Fine light. to dll.l'k.gra.y hard sandstone, in 

part cross bedded with pumice pebbles. .... 
Finelight-gray sandstone and brownish tuffa-

ceOU8 sandlltone... . . . . . • . . . . . . . . . . .. . 
Fine light-gray tuff, with la.pllli ....... . 
Fine light·brown tuffaceous sandlltone, 

structureleas ........ '" 
Hard, light-gray, pebbly sandstone and inter· 

bedded tuff of fine pu~lce fragments....... 11.11 
Crou-bedded, soft gray sandstone, with 

abundant pumice pebbles,....... .S 
Fine andesite agglomerate, grayiah brown.. 1.0 
Cross-bedded, flne gray sandstone and shale. 

with small pumice pebbles......... 10.5 
White and lavender shale, paasing into shaly 

eandstone above. ..... ' ....... , .... " ....... 8 
Fine light· to da.rk-g~y eandBtone... . 10 
CroS/!l-bedded dark-gray sandstone, with 

pumice pebbles.. 3 
White shale... ...... . ... 1.2 
Fine. to coarse, gray, tufftlOOOU8 eandstone, 

struot1ll'6leBS, with some pumice pebbles. . 14 
White eha.le and fine gray sandstone, inter· 

bedded ..... _.,.......... .... 19 
Lavender and white Jam:ina.ted shale, in part 

sa.ndy...... ..............•.... 10 
Light rt:l8ty-brown agglomeratic sa.ndstone... 8 
Cross-bedded sa.nd and gravels, pebbles with 

bla.okened surfaooe .. S 
Fine-grained gray sandstone and silt. . . . 15 
Medium-grained tuft' composed of lapilli..... 1 
Light-gray sandstone grading into silt.. 15 
Conglomerate, with la1'ge &Ild smaJl andesiu, 

pebbles and sand lenses..... .. 60 
Fine, gray, 110ft sandstone and silt, COILl'l!8l" in 

upper portion, cross bedded................ 8.S 
Medium-:line Ught-brown tnifOO!lOU8 sa.nds~ne 9 
Gray and greenish soft sandstone and sa.ndy 

shale ........ .... ... ..... .... ... ... ........ 10 
Medium to coalse light-gray sandstone, looa.lly 

grading into :Bne conglomerate... 20 
Fine, soft, llght-gray sandstone and lavender 

shale............. 1.4 
Coarse brown silt... ... ................ 4 
Conglomerate. finer in lower portion .. 
Coarser cross·bedded sandstone, with pebbles 
Fine conglomerate and medium-grained light-

gray sandstone. . . . . . . . . 2.7 
Coo.rse to fine, gray, Cl'OIIB·bedded sand.. 6 
Lavender ~t and Mh, with lapiIli, wlPte 

above ........•. . ............... ~. 
Fine Iapilli, unconsolidated ................ . 
Fine light-brown sandstone ...... , ..•....... 
Coarse tuff, with rounded pumioo pebbles in 
~ sandy matrix .•.......................... 

Light.gray tuffaceous sandstone, with Japilli 
Fine andesitic agglomerttte .... 
Medium-grained, gray and yl;l1low, soft, oroas-

bedded sandstone, with small pebbles ..... 
Medium to fine tuffaceous sandstone, buff 

coloNel, stl'ueturelel8 .. " ... 

3 

Medium to ooarse-grained Ql'OSs-bedded blu
ish·gray sandstone, with small pumice 
pebbles ..... . 

WhitesDt ............................... .. 
Light-gray Cl'08II-hedded sandstone and silt .. 
Drab and gray tu1fa.eeous eandatone, strn.ct-

U1'6lass ••••••••••••••••••••••••••••.•••••••• 
Soft white tn1f of fine pumice fra.gm.ents .. . 
Soft tnfla.ceous sandstone, structureless ..... . 
Croes-bedded gray Mnd, with pumice pebbles 

and interbedded silt. . .................... . 
Fine drab sand and lavender silt, interbedded 
Fine lavender tuft', structureless. .••..•.••... 
Fine sand and clay, irregular strati:ftcation.. , 
Medium-grained sand, with IlCattering pebbles 

of pumice ...•.•.....•...................... 
Fine light-gray sand and la.vender-oolored silt 
Dark-gray cro8ll-bedded sandstone, with small 

pumice pebbles ....•...•.••...... , ...... . 
Ha.rd, grayish. to brownish, medium-grained 

sandstone .... ' .................... . 
Coarse gray sandlItone and tuff, with la.pilli 

in sandy matrix .....•............... 
Fine s&lld and lapilli, partly consolidated .... 
TnJI', with angular fragments of andesite. 

pumice, and feldspar ...•............ ,. ..... . 
Fine light-gray sa.ndstone, with beds of sOt 

in upPer part. ..............•..•......• , ... . 
Lavender shale,. .. .. ................. . ... . 
Light-yellow ash and lavender shale, passing 

into fine II&Ildstone ....• , •.................. 
Conglomerate, with seams of sand, large 

andesite and pumice pebbletl ....••..•...... 
Medium to coarse, cross-bedded, soft gray 

so.ndetone, finer in upper portion ...... . 
Lavender-colored BBh, feldpathic ......... . 
Medium-grained light-brown to greenish 

tuffaceous ·ea.ndstone, with andesite and 
pumice pebbles ...................... , .•...• 

Cross-bedded IJIiDd, with lapilli and. andesite 
pebbletl ........... ; .... , .................. . 

White tuff, with smaJI·angnlar lapilli. ....... . 
Interbedded silt and ea.nd, drab colored, with 

la.pilli. . ..................•...•.••..... 
Fine bluish -gray soft sandstone, with pockets 

oflapilU ..... _ ..... 
Medium-coarse gray sandstone 
Lavender tuff, with a medial bed of drab

colored silt ........•.. 
Coarse sandstone, with much feldspar and 

One lapilli, finer toward the top ...... . 
Coarse light-gray ash .... . 
Medium-grained light-gray tuffDOOOtlS sand

stone, with angn1ar la.pllli. .................• 
Medium· to fine-grained gray sandstone ..... . 
Coarse stream-bedded gray sandstone, with 

pebbles of andesite and pumice ........... . 
Conglomerate, with small pebbles of &Ildesite 

and larger pebbles of pumioo; some sand 
lenses. .................................... . 

Coarse buff -colored ash. COiltaining much 
feldspar...... . ., ..................... . 

Gray Mndstone and silt. . ..... . 
Fine light-gray ash,.structureleBs ............ . 
Band and gravel, stream bedded, pebbles D 

inches average dfameter, gravel ftner in 
uppe1' portion ............................•. 

Fine gray ash, suucttueIeas, silky luster, 
composed of fine partiBles of glass........ • 

Fine gray tuffaceous Mndstone, witlJ. la.pilli 
one-fourth inch in diameter 

Conglomerate interbedded with ea.nd.; peb
bles of black andesite 1 to 4 inehes in 
diaIneter ................................. . 

Wenas basaJ.t, two :Bows, oolUlllD&l', with 
vesicularuppersurfa.cea, 25feetJn thickness. 

Gmy ash .....................•............ 
Light-gray tuft', with pebbles of andesite •... , 

Total sediments, resting upon npper 
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snrlace of Yakima basaJt .. ,........ 1,1169.11 

'PppWal eiDJ1O"'IM'e8 of 1M fO'l'miltWn.-The Ellens. 
burg formation now occurs almost wholly in the 
valleys, where it is generally concealed under the 
alluvium. The light.colored sandstones can be 
seen along the banks of streams ·and irrigation 
ditches. At Ellensburg there is a bluff composed 
of characteristic beds of the formation near the 
Normal School, while in the vicinity of--No~ 
Yakima the Ellensburg sandstone interbedded 
with the basalt can be seen in the bluffs overlook· 
ing the river at Selah Gap. The best exposure 
of the rocks of this formation is ~hat ·along the 
lower course of Naches River, where the white 
blu:ffs 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 fri. 
able sandstones and loose conglomerates can not 
well resist even the slight erosion of this arid 
country, so that over large areas the presence of 
the Ellensburg formation is ban:ly noticeable and 
is frequently indicated only by tho bits of and .. 
sitic pumice lying on the surface around badger 
holes. 

The composition of the conglomerate beds and 
the prevalent stream bedding indicate that the 
formation is of fluviatile rather than lacustrine 
origin. At several points bO'l';lders of andesite 
measuring several feet in diameter have been 
found in the Ellensburg conglomerate, indicating 
that powerful streams acted in the tmnaportation 
of the material. The original thickness of the 
formation can not be stated. The section meas-

nred in Naches Valley shows nearly 1600 feOt of 
sedimenle, while the Wilson well in Wide Hollow 
penetrates over 1200 feet of the Ellensburg for· 
mation. In both of these localities it is evident 
that erosion has removed the upper part of the 
section. The earlier sediments interbedded with 
the basalt vary considerably in thickn.... Thus 
on the Naclies River section the thickness is 26 
feet, while on the east side of Selah Gap there are 
sandstones and conglomerate 180 feet thick below 
the Wen .. basalt. 

IG:NEOUS ROOKS. 

YA.EDIlA.BA8A.L'r. 

nefini/4on, 0/ formation. - The oldest rock 
exposed in the Ellensburg quadrangle is the 
b ... lt which forms the larger part of the snrfllce 
of this area. Where not exposed at the-· surface 
it is covered by alluvium or other rock, at ~ost 
only a few hundred feet thick, so that the forma· 
tion in reality underlies the whole area. It is a 
great series of lava flows, the base of which is not 
reached, eVEjn in the deep canyons, within the 
limite of this qnadrsngle. A few miles north of 
Bald Mountain, however, the South Fork of 
Manastash Creek cute throngh the b .. alt, which 
here rests unconformably upon sa.ndstone of late 
Eocene age. This fixes the age of the Yakima 
basalt as .... Iy and middle Miocene. 
~ It is in view of the fact that the age of th~s 
formation is determinable that the name Yakima 
basalt has been applied to it. In the reconnais
sance surveys of central and southeastern Wash
ington by Russell and others, the names Columbia 
lava and Columbia River lava have been used, 
including nQt only the basalts of Eocene, Miocene, 
and poesibly of Pliocene age, but also the hypers
thene-andesi-pe of Pleistocene age. In detailed 
areal mapping, igneous rocks of different ages 
must necessarily be sep8l'8.ted, and therefore the 
name Yaki.rqa has been applied to this fonnati6n, 
which includes only the basalt :flows and inter
bedded basaltic pyroclastics, which are of Miocene 
age and C01l$titute a series that can be taken as a 
unit, since it represents the products of a volcanic 
activity unillterru'pted by any other important 
geologic process. 

PetrOfl"aphio oharaot ..... -The Yakima basalt 
is a black ~k, compact and heavy. The weath~ 
ered surface is often brownish in color and some-, 
times gray, but nniveraslly the basalt .. exposed' 
on the ridges or in the river canyons is dull and 
somber. Potrographically the Yakima basalt is a 
normal feldspar.basalt containing basic plagioclase, 
augite, and olivine, in crystals or rounded grain~ 
with varyinf. amounte of glassy b.... Examineq 
microscopic$.lly, thi Yakima basalt is found td 
vary somewhat in the quantitative mineralogic 
composition as well as in texture. None of the 
minerals occur as megascopic phenocrysts but th~ 
labradorite cryotals are more regolarly developed 
than either the augite or olivine. The olivine is 
Ie .. abund ... t than the light.brown augite and 
also varies more in the amount present in different 
specimens .. Apa.tite and' magnetite are accessory 
constituents, the latter often occurring in delicate 
skeleton crystals. Some phases of the lava, 
especially in the basal or surface portio~ of a 
flow, are very glassy and large masses of pure 
beaalt gIBBS. can be found. This jet-black glaes 
also forms, fragments in the yellowish tn1fs of 
Bald Monntain. The larger of these glass frag. 
ments have a rounded form· and undoubtedly 
represent bombs ejected from the yolcanic center. 
As a whole the tuff beds and! the scoriaceons lavas 
are less oo~.mon than the compact basalt. 

The number of lava flows composing the Yakima 
series can not be closely estimated. At least ten 
successive eruptions of basalt are indicated in the 
cliffs of the Yakima Canyon, but the ... are prob. 
ably <>DIy a part of the ~tal number. Their maxi· 
mum thickness over this area is to be measured 
in thousands of feet. The :flows are l~doubtedly 
thinner in the western portIon, though 8 thickness 
of over 1000 feet is shown north of Bald Moun
tain where the lava overlaps the older rocks. In 
the Yakima Canyon over 2000 feet of basalt are 
exposed, with neither the top or base of the series 
of lavas shown. 

Oolmmnar struotwre.-The most noticeable fe .. 
ture of the basalt is its columnar structure, by 
which the sheet. of black; rock are converted inl4 



regular colonnades. Huge prismR, several feet in 
diameter and scores of feet in length, stand out 
from the canyon walls in a manner so characteristic 
of this rock that the term" basaltic structure" is 
often applied to it. These prismatic columns owe 
their origin to the contraction:of the cooling lava. 
The joint planes due to this shrinkage of the rock 
were normal to the cooling surface, so that now 
the columnar parting of the rock is vertical 
wherever the sheets remain in their original hori. 
zontal position. Horizontal cracks divide the 
colulln;ls into shorter blocks, which usually, how· 
ever, fit so closely together as not to detract from 
the general effect of these rows of columns. 

Position and character.-The 1Venas basalt 
overlies the Yakima basalt and is separated from 
it by a varying thickness of Ellenshurg sandstone, 
as noted above. The t·wo basalts do not differ 
much in age or in general appearance, and in fact 
their petrographic similarity would not justify 
the separation, which however is necessary from 
stratigraphic and structural considerations. In 
Kelly Hollo·w the Wenas basalt is about 100 feet 
thick and consists of two distinct flows, the upper 
columns being massive, while the lower columns 
are characterized by horizontal sheeting. At 
other localities in this vicinity the basalt appears 
to be in three flows. On the south slope of 
U mptanum Ridge the VIf enas basalt varies in 
thickness from about 20 feet at the western liwit 
of the flow to over 200 feet near the eastern edge 
of the quadrangle. Along Naches Ri\Ter the 
Wenas basalt occurs in two flows with a total 
thickness of 25 feet, but at Selah Gap the original 
thickness was somewhat greater. 

Limitation in mapping.-In the weAtern part 
of the Ellensburg quadrangle the Wenas basalt 
is absent at points where the section is ,veIl shown. 
As indicated in the preceding paragraph, the 
'Venas flows thin out to the west., and at several 
places their ,vestern limits can be accurately 
determined. At other localities, however, it 
becomes impossible, from insufficient exposures of 
rock, to state whether or not, the Wenas hasalt 
and the interbedded sandstone are present. On 
the north side of Manastasb Ridge there are some 
indications of a thin sheet of Wenas 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 strnotm·e.-The basalt exposed for several 
miles along Atanum Creek belo.v Tampico sho·ws 
beautifully an exceptional type of columns which 
was commonly found in the Wenas basalt, but in 
the absence of any other proof the particular mass 
has been mapped as Yakima basalt, since the same 
structure has been obsened in basalt undoubttldly 
of tlmt age. The columns of this type are well· 
defined prisms that measure several feet in diam· 
eter and are peculiar from the close horizontal 
joints, along which, when struck with a hammer, 
the basalt breaks like a shale into thin plates. In 
view of the fact that, whether in the Yakima or 
the Wenas basalt, this structure is alwaYR found 
in flows that were soon succeeded by sediments, 
the development of the platy joints may have been 
due to the presence of surface waters. 'rhe con· 
traction of the consolidated lava would first cause 
the development of the vertical joints, dividing 
the mass into prisms. If, then, surface waters 
found their way into the still cooling rock along 
thestl vertical planes, the further and more rapid 
contraction might cause the development of many 
joint cracks normal to the cooling surfaces, divid· 
ing the columns into horizontal plates. 

])istincUve charactel"s.-The lava that flowed 
down the canyons of Tieton and Naches rivers 
differs in composition from the hasalts. It is 
generally of a lighter color, gray or purple, and 
when black it contains many ,,,hite crystals of 
feldspar, making it plainly porphyritic, whieh is 
not true of the basalt. In composition this rock 
is les8 basic than the basalt and is characterized 
by the presence of the pyroxene known as hypers. 
thene. Plagioclase is the other important mineral 
con~tituellt, and the groundmass, while usually 
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more or less glassy, slwwR the flowage texture of 
andesitic lavas. It is more closely related in com· 
position to the andesitel'l from which the material 
of the Ellensburg conglomerates was derived, but 
in the latter, hornblende is a more common con· 
stituent than hypersthene. 

'rhe Tieton andesite, however, i~ plainly much 
younger than either the basalt or the Ellensburg 
formation, since it occupies canyons and valleys 
eroded in these. The rock is remarkably fresh in 
appearance, and. the Rurface of the andesite plateau 
between Naches RhTer and Cowiche Creek has 
apparently not suffered from erosion, while thtl 
margins of this flow of andesite have been only 
slightly modified by the streams flo·wing at the 
base. The lava is scoriaceous in parts of the flows, 
like the basalt, while the columnar structure 
exceeds in perfection e\'en that seen in the Yakima 
and Wenas basaltfl.. At Pictured nocks, near the 
mouth of Cowiche Creek, the long columns form 
immense aggregates, in which the individual 
columns curve so as to be normal to the outer 
edge of the flow, and near the mouth of Tieton 
HiveI' columns in one of the andesite flows measure 
nearly 200 feet in height, apparently without a 
brenk. 

Oocu/'rence of agglomerates.-Near the western 
edge of the quadrangle, both on Naches River 
and in Tieton Canyon, the Tieton andesite is corn· 
monly in the form of coarse agglomerates. Ande. 
site tuff and conglomerate, red and purple in 
color, make up the conspicuous cliff known as 
Devils Slide. In the lower Tieton Canyon the 
lava predominates, and at the point where the 
former river 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 lava, the river having 
practically cleared its old channel but having left 

Surface lOash.-Rur6eial material more or less. eastward to the gap made in the ridge by the 
closely allied to al1uvium covers large areas other Yakima the exposures are so pour as to render 
than the valleys. The surface of much of the the relations obscur~. East of the river the strnc
plateau country is strew-n with basalt fragments, ture again consists of an anticline and syncline, 
the result of disintegration of the underlying rock, with a fault along the southern limb of the latter 
but even upon the steeper slopes such detritus has fold. West of the gap this fault traverses the 
suffered relatively little transportation. In other center of the syncline, while the anticline to the 
localities a layer of much finer material covers the north is also only partially shown, because of 
surface. These" surficial deposits extend down erosion by the river. The fault may continue 
the slopes and nnite .vit.h the valley deposits across Shushuskin Canyon, hut the only evidence 
helow, so that to some extent the mapping of the on this point is the observation of a southern dip 
latter must be arbitrary, but in other cases the in the next area of sandstone. 
line is sharp between the rock waste of the slope Along this northern slope the geologic strut'tnre 
and the alluvium of the bottom land. has little or no connection with the sUlface ('on· 

Wind·blown vo"kant"c sand.-Another type of 
surface material consists of thin layers of volcanic 
sand found at many localities in this and other 
parts or thtl Cascade Range. The deposits occur 
usually upon the flat tops of the highest peaks or 
in hollows upon the slopes, where there is pro
tection from erosion by running water. The sand 
is composed largely of feldspar and· pyroxene 
crystals, and is thuFl of a characttlr thHt would 
suggest its derivation from some volcano of the 
Rainier type, the finer material having been 
carried by the wind to its present position. 

Uharm'ter of alluvi'um.-The \Talley alluvium is 
prevailingly fine grained, and of a character that 
renders it of great value for agricultural purposes. 
In the lower yalleys there is considerable fine silt, 
the deposits of which beeome thicker farther south 
in the valley of Yakima River. The coarser 
alluvium, sand and grave.!, is confined in its distri· 
hution to the vicinity of the larger streams, but 
nowhere are these areas of coarse material 
extensive. Such gravel flats CRn be seen neal' the 
junction of Naches and Yakima rivers, wh~J'e they 
form low terraces, but even here the gravel con
tains sufficient fine soil to enable fruit trees to 

these portions of the former filling hanging on the grmv. 
canyon wall. In such blocks of andesite the 

figuration. There is no displacement along Man· 
astash Creek) and the fault neal' the eastern edge 
of the quadrltngle produces no scarp) and) indeed, 
farther east falls south or the face of the ridge, 
showing that it has had no part in the elevation 
of the ridge. Along the crest and the southprIl 
slopes of Manastash Ridge there is a nearer 
approach to a direct relation between structure 
and topography. Three small remnants of sand· 
stone show that the present surface is neal' the 
upper surface or the basalt, and exposures of the 
basalt as seen in the shallow gulches indi('ate it 

general parallelism between the flows of the basalt 
and the sloping surface. This smface is partially 
covered with very fine soil, which occurs in 
mounds from 3 to 5 feet high and generally of 
irregular outline, although the smallest ones are 
often perfectly circular in plan. In diameter these 
range from 10 feet to 100 yards 01' more, and 
one mound includes an area of at least seyera] 
acres and is cultivated. The soil is light eolo~ed 
and contains no pebbles, so that the contad 
between this and the underlying basalt is sharp. 
Between these mounds the surface is paved with 
angular blocks of basalt, the I:Icanty soil being 
quite red in color. Wind appears to have been 
the effective agency in the formation of these 
mounds, which represent residual portions of the 
layer of silt·like soil that once covered the whole 
surface. 

columnar parting can be ohserved to be at right STRUOTURAL ASD PHYSIOGRAPHIO FEATTlRES. 

angles to the basalt surface againRt which the 
molten lava attached itself. In the region bordering the lower valley of 

Relation to Mou'll,t Rainier volcan?"sm.-The Yakima River the relation between the structure 
Tieton andesite is closely related in petrographic 
characters and in age to the lavas of Mount 
Rainier. Its occurrence along the western edge 
of the Ellensburg quadrangle indicates the origio 
of the flows to have been somewhere in the high 
mountains of the adjoining Mount Aix quadran. 
gle, and suggests that the volcanic center from 
which .the hypersthene.andesite was erupted, 
although on the eastern slope of the Cascades, 
was not far distant from Mount Rainier, and, 
further, that this yolcanic activity is also connected 
in point of time with that which built up the 
great cone of Rainier. 

SlJRFlCIAL ROCKS. 

COWICHE GRAVELS. 

These deposits are of only local importance, and 
occur ,in the valley of Co-wiehe Creek in a broad 
terrace which slopes to the southeast. Their 
deposition was caused by the damming of the 
Co.,,;che c~eks by the stream of Tieton andesite 
lava, conditions that were both local aIld tempo. 
rary. The presence of granite, quartzite,'imd grit 
pebbles in these gravels, aR well as the occurrence 
or a few large b01\tlders of the same rocks on the 
brink of Tieton Canyon, serves to show that the 
Tieton waters overflowed into this basin for a 
time and contributed some"\vhat to the Cowiche 
gravelR. 

The surface of the terrace is covered with finer 
sediment, which furnishes a soil that is fertile and 
that would be well adttpted to agriculuure if 
"\Yater ,,,ere available for irrigation. 

])ivcrsity of age.-The alluvittl deposits of the 
valleys doubtless vary much in age. In Cowiche 
Valley the alluviulll borders the streams whicll 
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 Cmviche gravels, 
while along Naches Ri\-Ter it consists of gravel bars 
which mark the extent of the last flood stag~ of 
the river. As mapped, this formation includes the 
deposits made by the streams upon their present 
flood plains or those abandoned within recent times. 

of the rock masses and the present configuration 
of the surface is very intimate. On this aceount 
the structural geology and physiography will be 
discussed together in the following descriptions of 
the principal features of the relief, which will be 
found to he direetly related to structure. li'j\'e 
anticlinal ridges cross the quadrangle with a 
general east·west trend, and these are uescribed 
helow in turn, beginning with the northernmost. 

MOUNTAIN lUDGES. 

Manasta.sh Ridge.-Manastash Ridge, with its 
eastward continuation, Beavertail Hill, forms the 
southern wall of Kittitas Valley. It has an eleva
tion of from 1000 to 2000 feet above the valley 
floor, and to the wes.t J;llerges into the more elevated 
plateau north of Bald Mountain. Farther east 
Beavertail Hill appears to unite with other ridges 
to form the height known as Saddle l\:[ountain, 
which is eut through by Columbia River at Ren· 
~inel Blufis. The northern slope of Manastash 
appears abrupt as viewed from the vicinity of 
Ellensburg, but nowhere does it rleserve to be 
termeil It scarp except where Manastash Creek 01' a 
meander of Yakima River has modified the original 
slope. The southern slope is gentl-e, and hardly 
noticeable until the brink of the canyon of U mp
tanum Creek is reached. 

The geologic structure of Manastash Ridge is 
anticlinal. Along the higher portions, wherever 
the dip of .the hasalt sheets can be determined) it 
is with the slope of the ridge and generally 
approximatelyeqlli\ralent to that slope, and this 
relation holds 011 the lower southern slope as well. 
On the northern slope the structure is less simple. 
Near the forks of Manastash Creek, and thence 
westward, the canyon walls show that the basalt 
plateau has been trenc.hed 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, with its axis immediately south of the 
creek, as shown by the exposures of Ellensburg 
sandstone overlying the basalt .. East of the mouth 
of the canyon this s)'1lcline 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 south· 

UmptanumRidge.-The next ridge to the south, 
IT mptnnum Ridge, is se"\Teral hundred feet higher 
than Manast.ash Ridge, and maintaining its crest 
at a nearly uniform elevation, is cut through by 
Yakima River just east of the edge of the quad. 
rangle in a gap whose brink is nearly 1000 
feet higher than that of the corresponding gap in 
Manastash Ridge. Again, the ridge is unsymmet. 
lical) the northern slope being the steeper. At 
its westem end it apparently di"\~ides, one part 
extending westward and the other northwestward 
and connecting with Ma1l8stash Ridge. The 
structure of the ridge is plainly anticlinal, as is 
shown in the very perfect arch at IT mptapuill 
Gap, where over 2000 feet of Yakima basalt is 
exposed. At some points the crest of the arch 
and the crest of the ridge coincide, but at others 
the upper portion of the fold is wanting, the flat· 
topped crest being cut across the upturned sheets 
or basalt. In the western continuation of U tup
tanum Ridge the anticJinal struoture is well shown 
where the North Fork of Wenas Creek has cut 
through the arched basalt, and also in the smaller 
canyon 2 miles east of that point. The antic1ine 
forming the main part of the ridge has a low pitch 
to the west, so that the upper flows of the basalt 
are found near the western end. Along the 
northern face of the ridge there is a prominent 
outcrop of black basalt, making a scar that sug
gests a fault. This line is pa,rallel to the strike, 
and any displacement must have been on the plane 
between two sheets of basalt. At another point, 
however, an even more prominent feature of -this 
sort was seen in sectipn and there was no displace. 
ment, while at Ulllptanum Gap it is evident that 
if any faulting of the nature suggested is present 
on the steep north limb of the antic1ine it is of 
nlinor importanee, and in no respect is Umptanum 
Ridge of the nature of a faulted lllonocliool fold.. 

On the south side of the ridge the upper slopes 
are gentle and, as nearly as can be determined, 
have the same inclination as the basalt sheets. 
Nearing 'Venas Valley, however, there is a sharp 
clJange in the slope and an even greater change 
in the dip of the rocks, so that the upper sheets 
of Yakima basalt, as wen as the overlying beds of 
sandstone and sheet ot Wenas basalt, are succes
sively crossed. At the western elld of the ridge 



these dips reach 45°, but east of Kelly 
they are only 20°, or even less. 

Oleman MO'tlJntain.~ '''hile Cleman Mountain 
is -the highest of the ridges in the quadrangle, it is 
also the shortest if taken by itself. As will be 
shown later, however. the Cleman Mountain anti
cline 'extends east.vard, forming the ridge south of 
Roza Creek, which some distance east of Yakima 
River unites with Umptanum IUdge and reaches 
the Columbia in the yicinity of White Bluffs. On 
the west the connection with the higher region is 
in part interl'l1pted by the upper valley of Naches 
RiYer. Cleman Mountain attains an elevation of 
5000 feet, and for several miles its crest line is 
remaJ'kabJy even, the hasaIt sheets appearing, to 
be practically horizontal. On the side facing 
Wenas Creek the mountain has a remarkably 
uniform and gentle slope, and when one looks 
along this, featureless inclined sUl'face extending 
from the ridge crest to the valley floor below he 
can see nothing to indieate the presence of the 
many nal'l'OW gulches that traverse it_ On the 
opposite side of Clem an Mountain the slopes are 
steeper_ Along the eastern end this is due to 
steeper dips in the rock, which become gentler to 
the west. In the central portion of the southern 
slope a steep escarpment over 1000 feet high faces 
Naches River. '1'his is the site of a huge landslide, 
a block nearly G miles long having broken away 
and pushed into the valley below_ . The hum
mocky topography 'below the escarpment, the 
low hllls and inclosed btk9ins, showing no definite 
ft,rrangement, are chamcteristic forms resulting 
froth such a landslide, and the river shows evi
dences of changes due to obstructions in its course. 
This portion of the mountain had a structure 
especially favoring such a landslide, tIle basalt 
having a sharp change in dip, and tuffaceous beds 
being present which would facilita.te undermining 
of the block by the active river. A t the eastern 
end of Cleman Mountain the dips of the rocks 
indicate that the arch pitches dO\'ln, so that the 
basalt passes beneath the sandstone of Wenas 
Yalley_ The interbedded sheet of Wellus basalt 
is present in this part of the area, thus making the 
structural relations more evident. Southeast of 
Kelly Hollow the surface slope shows no indica
tion of the underground strllcture, bnt just north 
of the low bi11 having an elevation of 2319 feet 
the'Venas basalt appears from beneath the Ellens
burg sandstone, and the arch is seen to extend 
eastward, becoming more prominent in the high 
ridge at tbe eastern edge of the quadrangle_ On 
the crest of this ridge the, arched basalt has been 
cut through; exposing the interbedded sandstone 
beneath. About" 2 miles to tll€ southeast Yakima 
River cuts across this ridge, and in the deep gap 
the anticlinal structure is well shown_ 

Cowiche MO'Ilntain.-Between Naches River 
and the South Fork of Cowiche Creek there are 
at least two anticlinal folds traceable in the 
basalt_ These, however, are less important than 
the structural features that have heen described 
above, and do not extend across the quadrangle. 
They have a general parallelism with the other 
folds, and are succeeded on the south by the 
fonrth important ridge, Cowiche Mountain_ Near 
the southwest corner of the quadrangle this ridge, 
both as a topographie and as a structural feature, 
l1T1ites with the basalt platean, the south'lyestern 
portion of the ridge becoming monoc1inal. The 
southeastern dips extend along the southern side 
of the ridge from the bigh region between the two 
forks of Atanum Creek to the eastern end of 
Cowiche Mountain, where the dips are to the 
south. The ridge continues to the east as Selah 
Ridge, interrupted, however, by the deep gaps of 
Naches and Yakima rivers. At tIle latter the 
s~ructure of the ridge is exhibited, and the anti
cline is seen to be flat topped, with sides, so 
that its cross section is comparable to an 
U_ The south em portion of this fold, however, is 
absent here, having heen cut away by Naches 
River west of Selah Gap "and by Yakima River 
for over a mile east_ That this steep escarp
ment bordering the ridge is not due to a fault is 
demonstrated by the presence of a remnant of 
the fold "south of Naches River, where sandstone 
is found with a steep dip to the sonth, and even 
slightly overturned, while beyond Yakima River 
the fold is perfect. In a similar way, the river has 
cut away the northern siJ.e of the ridge for nearly 
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2 miles east of Selah Gap. At Selah Gap the anti.' Valley, a broad topograp1lic feature that extends 
cline shoy{s a slight sag or cross fold, the anticline eastward as far as Columbia River. 
pitching differently on the t, ... ,o sides of the river. The valley of Atanum Creek" and Wide Hollow 

A special feature or Cowiehe Mountain is the is the next valley that is predominantly structural 
spur -making off to the nortll, forming Cmviche in character. Moxee is the corresponding valley 
l1asin in the angle between the spur and the east of Yakima River, and the same structural 
main ridge. This structure and the cOllRequent line is continued across the divide into Rattle
preservation of the sandstone lying on the basalt snake Valley, which slopes eastward toward the 
'Surface are due to folding, there being no possi- Columbia. In this extensive system of east-west 
bility of the presence of a fault. Two local valleYR the topography is directly related to the 
domes southeast of Cowiche Mountain have caused folds, and the rocks dip down from the bounding 
the basalt to appea,r from beneath the Ellensburg ridges at angles somewhat steeper than the surface 
sandstone_ slopes, with the result that the Ellensburg forma-

Atanum Ridge_-The most southern of the tion floors the valley, although it is absent from 
ridges here considered is Atanum Ridge, which the ridge tops_ In the lower part of Wide Hollow 
also begin!'! in the high plateau to the west and the thickness of sandstone remaining in the valley 
extends almost due east about 70 miles to the is m-er 1200 feet. 
vicinity of the Columbia, the eastern half of the E'1'osional valleys.-Cel'taiJI of the stream val
uplift being known as Rattlesnake Mountain_ The leys have characters that show them to have had 
crest of the ridge is narrow, and presents a regular a less simple origin than that given above_ Manas
sky line, with slight eastward slope. Structurally msh Creek, for instance, enters Kittitas Valley 
Atanum Ridge closely resemhles the ridges to the from a straight canyon, above which Manastash 
north, and the broad arch in the hasalt is well Ridge rises abruptly_ Examination of the basalt 
exposed at Union Gap, a mile east of the edge section exposed in the canyon walls- shows that 
of the quadrangle, 'where tlle Yakima has made the canyon does not ,follo'w- any line of displace
a steep-sided cut, a mile in length and 800 feet ment, but is near a synclinal axis_ Stream ter
in depth, across the ridge_ Five miles farther race deposits occurring nearly 500 feet ahove the 
east the arch pitches down, so that the basalt pl'esentstreamlevelindicateanearlierand broader 
disappears beneath the sandstone in a low pass valley of synclinal character, in which Manastash 
not over 100 feet above Moxee Valley to the Creek has trenched the present canyon_ In a 
n"orth_ The ridge becomes more jmport~nt ,again somewhat _ similat· manner, Umptanum Creek in its 
east of this point, and in this feature a similarity lower course has excavated a canyon over 500 feet 
may be noted with the Cleman Mountain ridge, below the floor of the broader Umptanum Valley, 
described above. On the northern side of this the canyon being neal' but not coincident with 
anticEne, near the easte~ edge of the quadran- the synclinal axis_ Kittitas Valley, also, while a 
gle, the dips are steep and the strata are even structural basin, does not presene its original 
overturned for short distances_ surface, but has been modified by stream erosion, 

VALLEYS. 

The val1eys of the Ellenshurg quadrangle are 
not less interesting features than the ridges, and 
in la.rge part they are closely related in origin_ 
Two types of valleys may be distinguished in this 
area: the hroad valleys, which extend generally 
ea~t and weRt and are transverse to the course of 
Yakima Ri ver, which crosses them in their medial 
portions, and the narrow canyons, much less 
prominent, hut occupied by the larger "trealllS and 
rivers. 'fhe former type is characterized by a 
noticeable cOITespondence between topography 
and structure, so that these valleys deserve to he 
termed structural, while those of the latter type 
are largely erosional in origin. 

Struotural valley8.~ The charZtcteri"tic 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 occnpied by streams it is beeause the 
valleys afford natural drainage lines, not because 
the streams represent the agency producing the 
valleys. Kittitas Valley is an example of this 
type, but since only a portion of it is included in 
the northeast cornel' of this quadrangle, it will be 
described but briefly_ It is a basin of somewhat 
irregular outline, with IOJlgest diameter over 30 
miles, from northwest to southeast_ Yakima Ri vel' 
drains the valley, hut is close to its western margin, 
,,,~hile much of the eastern part is occupied only 
by smaIl seasonal streams. The rocks on all sides 
of Kittitas Valley dip inward, while in the bot
tom of the basin they are nearly horizontal. 

Umptanurn VaHey is a rather shallow depres
sion between the two ridges, with its floor high 
above Yakima River_ 'EaElt of the river the val
ley of Squaw Creek marks the continuation of 
this structural valley, which extends almost to the 
Columbia_ 

South of U mptanum Ridge the short valley 
oecupied by Roza Creek has a synclinal structure 
and is continued east of the Yakima as Burbank 
Canyon. The valley of Wenas Creek hetween 
Umptanllm Ridge and Cleman Mountain is also 
plainly synclinal. 'fhe rock fold underlying the 
valley is unsymm~trical, the steeper dips being on 
the northern side, ~nd opposite the eastern end of 
Cleman Mountain the structure is complicated by 
the OCCUITence of a minor anticline along the center 
of the syncline. The surface .distribution of the 
sheet_of Wenas basalt in this part of Wenas Valley 
shows the presence of the fold and its relation to 
the larger syncline. The lower valley of the 
'Venas finds its eastern continuation in Selah 

\vhieh has lowered the floor of the valley and in 
SOUle parts covered it with a tllick mantle of 
stream deposits_ The mesa on the east side of 
Ellensburg doubtless represents a remnant of the 
old floor of this structural ba,sin. 

In the 'Venas drainage there are erosional 
features in the valley that is itself broadly 
structural. The North Fork in its upper course 
traverses a syncline, but before joining the South 
Fork it cuts throngh an arch of basalt in a short 
canyon, which is in marked contrast with the 
broader valleys both below and above. About 5 
miles below, the main creek flows in a naITOW 
valley cut in the basalt of the small anticline 
mentioned above. '1'he presence of a well-marked 
parallel valley next to the slope of Umptanum 
Ridge in this portion of \-Venas Valley, as well as 
a less perfect one on the Cleman Mountain side, 
both of these side valleys being unoccupied by 
streams, renders the central canyon more notice
able, yet s.erves to assist in hs explanatjon. The 
Wenas drainage occupied a synclinal valley, which, 
however, suffered later structural modifications_ 
An arch rose across the 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 valley, another 
anticline" was upraised, and again the movement 
was so slow that the course of Wenas Creek was 
not 'shifted. The upwtlJ'd movement continued, 
but th·e stream kept on cutting, until now the 
creek flows in its naITOW canyon-like 'laney, 
several hundred feet below the level of the 
npraised portion of the old valley floor, which is 
preserved in a number of mesas on either side of 
the creek, "\vell shown on the topogra.phic map_ 
The back valleys represent parts of the synclinal 
valley unaffected by this central uplift. The 
small streams from the ridges cross these back 
valleys and reach the main creek by short, steep
sided cuts bet.veen the mesas_ In one case a 
seasonal stream of this type at times divides upon 
the alluvial fan it bas thrown out into the back 
valley and reaches Wenas Creek by way of two of 
these cuts. 

The course of Naches HiveI' south of Cleman 
Mountain is approximately parallel with a syn
clinal axis. Above Nile j however, the river is 
north of the center of the syncline, "",hile within a 
few miles of North Yakima, as has been noted, it 
cuts directly across the anticline of Cowiehe 
Mountain and Selah Ridge_ The Naches and its 
principal tributary, the Tieton, have canyons that 
are the result of very effecti ve stream erosion, and 
structUI'e Ims played a subordinate part in the 

Iocation of these drainage lines_ The latter riv-er 
has rMxcavatecl its canyon to a depth of about 
2000 feet since the Pleistocene eruption of andesite. 
Atanum Creek with its South Fork has mainly ,tt 

structural valley, but the North Fork crosses the 
southwestward continuation of Cowiche Moun
tain, and its canyon-like valley is plainly erosional 
in origin_ 

The master stream of this region,Yakima River, 
is a good example of a stream whose course ante. 
dates the structure. While this river touches this 
quadrangle at only two places, it is close to the 
eastern boundary, and along it the structure of 
the ridges is the same as that already described 
in this text. Yakima Canyon between the cities 
of North Yakima and Ellensburg is one of the 
impressive canyons of the country. Traversed by 
the main line of the Northern Pacific Railw~y, it 
affords an excellent opportunity to observe the 
picturesque structure of the basalt, the rows of 
prismatic columns being often so regular as to 
suggest the work of human hands. The winding 
canyon, moreover, reveals no less clearly the 
broader structures_ The arches in the basalt- Mnn
astash, Umptanum, Selah, and Atanum ridgeR~ 
are cut directly across, and the evidence of the 
river's independence of the geologic structure is 
conclusive. This purely antecedent character of 
the ri\'er is also shown by the fact that the gaps 
are cnt, not acroRs lower portions of the ridges, 
except possibly at Selah Gap, but in several 
instances where the ridge is higher at the brink 
of the gap than eJsewhere. The most striking 
case is at Union Gap, south of North Yakima, 
where the river has cut to a depth of 800 feet., and 
yet a few miles to the east there is a low gap ,of 
structural origin. Had there been ponding of the 
Yakima water by reason of the uplift of the 
A tanum Ridge, the lower gap would have been 
the natural point of overflow_ Thus Yakima 
River has maintained its course during the uplift 
of the region, and traverses both the ridges and 
the valleys, its own valley or canyon being of 
purely erosional origin_ 

RELATION OF PENEPLAIN DEFORMATION TO nOOK 
STRUCTURE. 

In the foregoing discussion of the ridges and 
valleys of the Ellensburg quadrangle it has been 
shown that, while these features are mainly struc
tural in origin, yet the surface slopes do not exactly 
correspond with the rock dips. The crests of the 
ridges as well as the floors of the vaUeys are eroded 
surfaces, so that nowhere probably is the, total 
original thickness of the rocks preserved. The 
lack of conformity between surface and structure 
shows that the origin of these anticlinal ridges 
and synclinal valleys has not been a simple one. 
The process has consisted of two orogenic. uplifts 
separated 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 
surface, the perfection of the peneplain being 
shown in localities where basalt and sandstone 
have been equally reduced. The warping w~ich 
followed the period of erosion uplifted' the pene
plain'somewhat and converted it into a succession 
of parallel ridges and valleys. 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 surface_ 

A mount of earlier folding of tll. rocks.-The 
discordance noted between surface slope and rock 
structure is a measure of the earlier flexing of the 
rock. 'Vhere 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_ Such a relation undoubtedly holds in 
portions of the basalt plateaus in the, western 
part of the quadrangle, sho\oving the absence of 
earlier flexing_ Upon the tops of the ridges and 
along the centers of the valleys there are also 
places where this conformable relation holds, 
indicating lines of parallelism between\the folding 
and the subsequent warping_ In the'se cases of 
the crests of the arches and the bottoms of tHe 
troughs there has been vertical movement, locally 
unaccol~lpanied by tilting. On the sides of these 



ridges, as well as on their crests where the arcll 
in the rock has been an unsymmetrical anticline 
rather than ait open symmetrical fold, the erosion 
surface cuts directly across structural planes in 
the rock ~ masses. Here the difference between 
the pres;nt slope of the eroded surface and the 
dip of the tock is a measure of the amonnt to 
which the basalt and sandstone were flexed, The 
water gaps cut by Yakima River in the several 
ridges afford opportunity for observing these 
features. 

Ooincidence of ames.- This simple relation 
between surface and structure as given above 
depends upon the coincidence of axes of deforma· 
tion in the two periods. The extent to which 
this rule holds within the Ellensburg quadrangle 
is remarkable, since it is true that the vmrping of 
the peneplain took place almost wholly along the 
lines of the earlier flexing of the rocks. The 
forces involved in the two processes appear to 
have been the same, and thus the period of uplift 
might be considered one, ,vith an interruption of 
sufficient length for the reduction of the flexed 
-tocks to a peneplain. The major features of the 
area, Manastash, Umptanum, and Atanum ridges 
and Cleman and Cowiche mountains, were out· 
lined in the anticlines of the earlier t'pisode of 
uplift, and after the complete destruction of these 
structural features by the subsequent erosion they 
were again slowly uplifted to the Qlevations they 
now have. There are, howeyer, some exceptions 
to the general rule here stated. These have been 
jndicated in some degree in the 'foregoing descrip. 
~ions. . Thus, on the northern slope of Manastash 
Ridge the small synclines, one of whieh is faulted 
longitudinally, are represented by the rock dis· 
tribution, but do not materially affect the surface 
configurl;l.tion. The later uplift was appl'oxi. 
JIlately along the axis of the larger anticline, and 
was simple and broad, while the earlier uplift 
involved minor folds and a fault. The Cleman 
Mountain anticline was described as continuing 
across Wenas Creek. As can be seen on the 
topographic map: the surface sho\\'s no later 
warping along this axis until the western end of 
Selah Ridge is reached, about 5 miles east of 
Cleman Mountain. Between the two the slope of 
Umptanum Ridge continues nearly to the level of 
Wenas Valley. rl'he discordance between the 
rock structure and the inclined peneplain surface 
is very well shown here, and the manner in which 
the erosion surface cuts across basalt and sand· 
stone alike makes this an important loca1ity for 
the determination of the true peneplain character 
of the ,surface. 

HISTORY OF YAKDIA RIVER .AND ITS TRTJlUTARlES. 

The relative age of certain of the features due 
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 
paragraph. The influence of structure upon the 
drainage system may also be mentioned. The 
course of Yakima River was established before the 
later warping of the surface, since it cuts directly 
through the ridges that rose across its course, 
with meanders developed upon its old lowland. 
With its tributaries this river ,,'as efficient in the 
production of the peneplain, and indtled 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 above. The 
tributaries of this master stream are to a huge 
extent consequent upon the later warping. In 
the case of Manastash and U mptanum creeks, 
this statement can be made without qualification, 
since these streams occupy natural drainage lines 
in the warped surface. rrhey do not, however, 
exactly follow the axes of the synclines of the 
earli.er folding, for there is a slight, discordance in 
the position of the a.x:es of the two deformations. 
Atanum Creek, with its south fork, is a conse· 
quent stream, but its north fork and Nasty Creek 
may have once belonged to the Cowiche drainage, 
being later diverted southeastward by the develop. 
.meut of the monocline of this portion of Cowiche 
·Mountain. The history of the North Fork of 
Wenas Creek may have been somewhat similar, 
this stream being originally a part of Umptanum 
Greek, the capture of Wenas Creek occurring at 

. tha .. begi.nuing of the uplift of the peneplain to 

form Umptanum Ridge~ This diversion ,vas reno 
dered possible by the development of the north. 
west spur of U mptanum Ridge, connecting ",-jth 
Manastash Ridge, and the 'southward (~OllrSe of 
the North Fork, as well as of the seasonal stream 
about 2 miles east, was established before the 
uplii't of the west spur of U mptanum Ridge. 

The course of Naches River is plainlyantece. 
dent to the present configuration of the surface, 
since it cuts diagonally across the Cowiche Moun· 
tain-Selah Ridge uplift, and in its upper eourse 
the river eanyon is in part north of the axis of 
the synclina.1 depression south of Cleman Moun. 
tain. There is reason to believe, however, tlmt 
the course of this river WIiS largely determined 
by the earlier structure, and it .... vas then a 
consequent stream, occupying the center of the 
syncline. In the development of the peneplain 
its 00uriile may have changed, so that at the time 
of the subsequent wMping of the surface along 
the same axes the river had left the syncline and 
was forced to cut through the ridge rising across 
its course. 1£ this be true its junction with the 
Yakima is now about 3 miles south of its former 
position. On the uplifted plateau between Wenas 
Creek and Naches River, where the former course 
of the Naches River would have crossed, there are 
remnants of the peneplain, but no ri\'er gravels 
could be identified on this old l'!Uliace, since the 
Ellensburg formation here is largely conglomer. 
atic, and the pebbles on the surface may be 
deri ,red from that source. 

ECONOMIC GEOLOGY. 

Absence of rnetalli/eJ'Ous ores and coal.-\Vithin 
the Ellensburg quadrangle no deposits of metal. 
liferous oreR or of coal have been found, and there 
are no indications warranting the search for such 
products. There is a a sman amount of iron oxide 
along the fault in the hasalt, south of TllOrp, hnt 
the occurrence is not of economic importance. 
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Building atone and road 'f)u:tal.-The basal t and 
andesite found in the vicinity of North Yakima 
furnish easily quarried building stone. The basalt 
has been used for one church in that city, but is 
too dark colored to he effectiye for such use. .For 
foundations these compact igneous rocks are of 
value. They also furnish an abundant supply of 
material for rQad building. The basalt makes the 
very best quality of road metal, and where it can 
be found broken into small bloeks little erushing 
is required to render it available for use upon the 
valley roads. Broken basalt is superior to gravel 
for this purpose, since the angular fragments will 
pack together, making a hard and enduring road 
surface. 

The Ellensburg sandstone is usually too soft 
and friahle for use as a building stone. At a few 
localitieiil, however, it has been found sufficiently 
compact to be successfully quarried. One of these 
qUl;lJ'ries is in the Naches Valley about 2 miles £rom 
North Yakima; another locality is in Kelly HoI. 
low, where sandstone has been cut and used for 
fireplac€s and ehimneys; a third is just outside 
the quadrangle, about 2 miles east of 'l'hrall, where 
stone was quarried for a large bm,iness block in 
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 ltnd makes Ii fertile soil. Soil analyses 
SllOW an 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 m"ailahle a 
gre~ter percentage of the mineral matter. The 
aridity of the climate has also. doubtless had a 
beneficial effec,t, in that the soil has not lost its 
most valuable constituents by leaching. In this 
connection it is necessary to mention the excessive 
irrigation which has already injured certain POI" 
tions of the lower valleys 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 Sfl.1tS that are injurious to vegetation. Such 
waste of water in irrigation is thus a double evil. 

.The thill mantle of soil on the ridges of basalt 

and sandstone is fertile and supports lus-uriant 1 can be tapped by a well driven through the con· 
bunchgrass, where excessi \re grazing has not fining cover, thus affording an outlet for the water 
destroyed the natural vegetation. In some local. that saturates the porous bediil. The height to 
ities the covering of soil is deep enough to he ,ybich the artesian water will rise in the well is 
cultivated and winter wheat has been raised suc· dependent upon the head or pressure, whieh in 
cessfully. On the lower iillopes alluvial soil is turn is directly ecmtrolled by the elevation of the 
found, which merges with that of the bottoms, upper end of the water body, or the point where 
and is equally fertile. The alluvium of the the water·saturated beds reach the surface. If 
Cowiche terraces is not well situated for irriga~ the mouth of the well is relatively lower than the 
tion, but dry farming is practiced here. point where the beds receive their supply, the 

(}1'ound water.-In an arid region the under· pressure will be sufficient to forne the artesian 
ground supply of water becomes of great economic 'vater to the surface, and the well will be a i:1owing 
importance. Upon the presence of artesian water well. 
depends largely the value of some large tracts of "\Vithin the Ellensburg quadrangle but one 
agricultural land, and even small springs may artesian basin is known, and as yet but little 
constitute a valuable resource of a valley insuf- ad\rantage has been taken of this supply. The 
ficiently supplied with surface waters. structure of Atanum Valley and Wide Hollow 

The supply of potable ,vater is good generally has already been mentioned. "\Vith Moxee Valley, 
throughout the Ellensburg quadrangle. In addi. east of the Yakima River, this constitutes a reser· 
tion to that afforded by the larger surface streams, voir for artesian water. The underground strllc, 
which maintain their flow throughout the summer ture of this basin is Illore accentuated than tbe 
months, the ground water is in most places avail· form of the vaney, and the basalt, which is more 
able either through wells or through springs. than 1200 feet beneath the valley floor 2 miles 
Geologic relations govern th~ availability of this east of Atanum, appears at the surface 6 miles 
underground supply. "\Vhere the water.carrying west of that village, and west of Tampico the 
beds are near the surface, as in the case of the upward slope of the basalt 1s eveIi greater. The 
alluvial sands and gravels, surface wells easily water horizon of the Ellensburg formation is near 
draw upon the ground water. In localities where this contact with the basalt. A](tIlg the northern 
the wells are clo~e to the stream, it is probable and southern sides of the valley the rocks are al~o 
that the well water is derived from the underflow upturned, and on the north side of \Vide Hollow 
or underground portion of the stream. This is near Naches River and on the south side of the 
plainly the case'on the North Fork of Cowiche valley on both sides of Union Gap the lower beds 
Creek, which is a seasonal stream, with only the of sandstone are very sharply upturned, and at a 
underflow persisting throughout the summer. few points are ,'ertical or even overturned. This 
Here shallow wells dug in the stream bed reach strncture, with the consequent compression of the 
the underflow and th~lS -insure a better water sandstone, is important, since it probably explains 
supply during the dry season. an anomalous feature of this basin. Yakima River 

\Vhere the water·saturated beds reach the sur· has cut across the rims of the basin at points 
face the ground water makes its appearance as approximating 1000 feet above sea level, and it 
springs. Some of these springs occur high on the would pl,€iilumably ·follow that the artesian basin 
ridges at the heads of gulches and derive their should be drained at about this level) above which 
supply from surface waters which have collected no flowing wells could~ be possihle in the vicinity. 
in the surficial detritus and the somewhat broken It is probable that the compression has so com· 
upper portions of the basalt. Along some of the pacted the sandstone, which is elsewhere open 
smaller synelinal valleys the ground ·water in the textured and porous, that on the steep sides of 
Ellensbmg sandstone reaches the surfaee in the fold it has becotntl relatively impervious. As 
the vicinity of the creek, and often these springs noted in a preceding paragraph, this sandstone on 
are unnoticed on this account. Large springs of the north side of the basin is compact enough to 
this character occur on ,Venas Creek on the Cleo be quarried, while in the flat bottom of the basin 
man ranch, where the lowest heds of sand'stone it is an extremeJy soft sandstone, or in places even 
are cut across by the creek. Nine miles farther a quicksand. 
up this valley there are other springs with the In Moxee Valley there are over a score of flow· 
same geologic relations, the base of the sand.stone ing w:e1ls, having an aggregate discharge of about 
being exposed in the center of the valley. In this 12 second.feet. The only successful well in the 
vicinity this supply of ground water is utilized at Ellensburg quadrangle is in Wide Hollow, near 
a somewhat higher level, a horizontal well having the southwest cornel' of the SE. t sec. 29, T. 13 N., 
been driven into the hill slope, and" the water R 18 E., on the ranch of George Wilson. It was 
permeating the sandstone thus collected and piped completed in August, 1899, and coot $250.0. The 
down to the ranch house. well is very successful, is of fairly good size, and 

Artesian water.-This class of underground is w-ell cased, the diameter of the casing being 
water differs from the ground water in that it is from 5% inches to 3t inches. When completed it 
under pressure. The essential conditions of arte- bad a pressure sufficient to force a strong stream 
sian water involve both the underground structure thr'ough the drill rods to a height of 42 feet above 
and the surface configuration-the occurrence of the surface, equivalent to 1207 feet above sea 
permeable or porous rock beds 01' strata between level. The drilling was extended until basalt was 
other Leds relati \'ely impervious, the disposition struck, about 200 feet below the lowest flow and 
of these strata in basin·like form,and the relatively about JOO feet below sea level. The weH has 
high outcrop of the edges of the permeable strata. ShO'''l1 no variation in flow, and its discharge is 
The presence of a porous stra'tum betwef)ll impel" estimated to be three·fourths of a second·foot and 
vious strata is necessll,ry because it constitutes is sufficient for the irrigation of 50 acres. The 
the storage reservoir for the underground water. water is used with that from a ditch to irrigate 
The water.carrying bed, Dlay be sand or sand. 80 acres, but as the flow in the ditch is very small 
stone, the interstices of which often afford ready after July. 1, the artesian water does most of the 
passage for the cir~ulating waters. When con· work. This pioneer well has demonstrated the 
fined by underlying and overlying impervious presence of artesian water in three flows at a 
rocks, such as clay, shale, or some dense and com· depth of about 1000 feet below the surface. 
pact igneous rock, the porous stratum becomes The water of the Wilson well IS warm, like that 
saturated with water, which can find outlet only of the ~foxee wells. Its temperature of 80° F. is 
through the porous bed itself. The basin structure high for water corning from au average deptll ~f 
is a controlling bctor, in that the'watel'.carrying about 1000 feet, but does not indjcate'tl~'at the 
strata must in no place reach the surface at a source of the water is in fissures extending through 
lower level than the elevation of the well. A the thick basalt flows to underlying \vater·bearing 
lower outlet would prevent the storage of water beds, in ... vhich case the depth would be Sllch that 
under pressure, with the result that the water the water would be bot rather tllan warm. This 
would fail to rise in the well. The outcrop of the artesian supply ,of water more probably has its 
porous beds at the surface constitutes the area of SOllrce in the surface waters entering the under
supply or inbibition. Here surface and ground ground circulation at the outcrop of the water· 
waters pass downward and .enter the artesian carrying heds. These lower strata of the Ellens· 
basin or area of accumulation. burg formation outcrop on the flanks of Cowiche 

If all the conditions spetified obtain in a Mountain antI Atanum Ridge, where there is 
region, an artesian water supply is assured, a.nd greater precipitation than in the valley to the east, 
the ,yater which is stored in the artesian ba~in as is shown by the groves of large pines. The 
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occurrence of surface springs also shows the I measured below their junction and within the 
presence of a good supply of ground water, 80 sandstone area, The loss by seepage is partly 
that the contribution to the artesian basin is an returned when the stream again flows upon the 
important one. basalt basement, as is shown by another measure-

An even more important contribution, however, ,ment. This gain doubtless represents the return 
comes from the leakage from streams crossing \ of a part of the underflow of the stream to the 
the outcrop of the water-carrying beds. Several surface. Additional measurements fartIler down 
seasonal streams :Bow down the sides of the show further loss after the sandstone again 
western part of the Atanum-Moxee valley, but becomes the floor of the valley, showing seepage 
these are small, and their contribution may well be into the sandstone. This contribution of several 
included under that mentioned above. Atanum second·feet of water is an important one, and 
Creek, however, drains a large area to the west, since these measurements were taken late in July 
and in the early part of the year it is an important they represent a minimum of ilow and probably 
stream. It enters the synclinal basin at a point also of seepage. At time of ilood the amount 
where the strata have gentle dips and where the :flowing into the artesian basin from this 
sandstone at the base of the Ellensburg is open would be eyen greater. Taking into account the 
and porous. At the points where the stream aggregate discharge of the wens of the basin, 
crosses these upturned beds the water might which is about 12 second.feet, the part played by 
seep downward into the artesian basin. Similar seepage can at once be seen. 
seepage is shown where ditches have been dug in The practical question of the permanence of 
both the surficial alluvium and in the Ellensburg this supply of artesian water is answered in part 
sandstone. The green vegetation along the lower by th~ preceding paragraph. The artesian basin 
sides of such ditches testifies to the presence of is not to be considered as containing an unlimited 
water which has escaped through the soil and supply, any more than if it were a surface reservoir 
the sandstone. The fact of the seepage from for the storage of water. The total discharge of 
Atanum Creek, however, is conclusively proved the basin probably can not be much increased by 
by other evidence. Stream measurements which putting down new wells, although this m~y result 
have been made have an ilpportant bearing on in an economical division of the artesian supply. 
this question when studied in connection with the New wells in Wide Hollow, where water is needed, 
geologic relations along Atanum Creek. As will may be expected to be successful if located below 
be seen by reference to the geologic map, the two the 1200·foot contour. If too great demands are 
forks of Atanum Creek enter the sandstone area made upon the underground supply the pressure 
above Tampico, but the stream again encounters will be lowered until some of the higher wells 
the basalt below that place. The first measure· will cease to :flow. Recent legislation has made it 
ment of the north fork of the creek was made necessary to practically close the w~Ils between 
above the point where the stream crosses the base October 1 and April 1, and this arrangement o1,lght 
of the Sandstone, and this volume is seen to exceed, to result in a very satisfactory conservation of 
by 10 second.feet, the total volume of both forks this important supply of water, which, with the 

Ellensburg. 

fertile soil, is the most valuable natural resource 
of the region, 

In Wenas Valley geologic conditions do not 
appear to warrant the expectation of an arte· 
sian supply. The basin structure is present 
to a large extent, and the sandstone beds extend 
upward on the ridge to the north, but the 
lowest portion of this basin is drained by Wenas 
Creek. As already noted under the heading 
"Ground water," large springs occur near where 
the creek crosses the lowest beds of sandstone. 
The evidence is to the effect that the water in 
the sandstone finds a natural outlet throughout 
the length of this valley and is not stored in an 
artesian basin. 

The other important valley of this area is 
Kittitas Valley, a portion of which comes into the 
northeast corner of the Ellensburg quadrangle. 
This broad valley has the basin structure, and 
from its great extent it appears well suited to the 
accumulation of underground waters. The water
bearing beds extend up on the slopes of the 
inclosing ridges, and must receive contributions 
from the precipitation over a large area. In the 
central part of the valley tbe water horizon lies 
at a depth of several hundred feet. Some years 
ago an experimental well was put down about 
2 miles northwest of Ellensburg and reached 
basalt at about 700 feet. When abandoned it 
had water at 40 feet below the surface. T.he 
evidence whicb it afforded was unfavorable, yet 
it is quite possible that this well, like many 
otbers, was drilled inefficiently and that the 
record is untrustworthy. 

At the Clerf Spring, at the east end of the 
valley, water with considerable'pressure is found 
:flowing upward through the basaIt. In the sum· 
mer of 1900 the drilling of a well was commenced 

in the immediate vicinity of this artesian spring 
and about 10 feet higher, and it seems probable 
that not far from 'the surface will be found water 
which can be used to augment the stream already 
issuing from the spring. The water is seen to 
issue from crevices in the sandstone and the honey
combed basalt beneath. It has a temperature of 
62°, and may be derived from interstratified sand. 
stone beneath an ,upper sheet of basalt. If any 
considerable :flow of water is developed in this 
locality it can all be used to good advantage in 
the eastem part o~ Kittitas V illey. 

The gap where '!Yakima River cuts through the 
rim of the Kittitas Basin, 5 miles below Ellens
burg, is, of course; the critical point in the struc· 
ture of the basin., The exposures of the Ellens· 
bUl'g sandstone ar~ poor at this locality, but they 
are sufficient to ~how that the lower beds are 
sharply upturned. Immediately south of the edge 
of the valley a transverse fault gives further 
evidence of marked dynamic action on this stde 
of the basin. Whether this is sufficient to prevent 
tapping the artesian basin, as appears to be the 
case at Union Gap, south of the Atanum-Moxee 
basin, can not be definitely stated. The possi. 
bility that a true' artesian basin may _ be found 

appears, however, sufficient to encourage the 
drilling of anothet experimental well in Kittitas 
Valley, which should be put in charge of the 
most experienced 4nd reliable well-man available. 
Larger iITigation (lJl.nals taking water from upper 
Yakima River may possibly be built in the future, 
which would obviate the necessity for artes.ian 
water in this valley, in which event it would not 
be economical to expend any money in searching 
for an artesian supply. 

May, 1902. 
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