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EXPLANATION. 
The Geological Survey is making a geologic: 2. Contours define the forms of slopes. Since I town or natural feature within its limits, and at 'I changed by the development of planes of div-j· 

map of the United States, which necessitates the 1 contours are continuous honzolltal1ines conform-I the sides and corners of each sheet the nallles of sion, so that it splits in one direction, more easily 
preparation of a topographic base map. The ing to the surface of the ground, thefT wind adja;ent s~eets, if pU,hlish:d, are print~~. . I t!Jall in others. Thus. a grani~e ma~~ pa.ss luto a 
two are heing issued together in the forIll of an smoothly about smooth surfaces, recede mto all uses oj tlU3 topollmpltrG shed. - ". It1lll the. and from that mto a lllwa·sclmt. 
atlas, the parts of which are called folios. Each reentrant angles of ravines, and project in passing limits of Aeale the topographic sheet is an accunde I l'ocks.-These compri;,;c all l'(wkA 
folio consists of a topographic base map and about prominences. The relations of contour and characteristic delineation of the relief, drain· ! which have depusited under water, -whetlier 
geologic maps of a small area of country, together curves and angles to forms of the landscape call ~ge, and CUItUl"e of the d~"trict represented. View· I in lake, or stream. They forlll a ,'ery large 
with explanatory and de"cl'iptive texts. I be traced in the map and sketch. mg the 1and~cape, map III hand, e\'ery chal'acter· part the dry land. 

r' , , 3. Contollrs show the approximate grade of istic feature uf sufficient magnitude should be, 'Vhen the materials of which sedimentary rocks 
IIIE TOPOGRAPHIC MAP. any sloVe. The vertical Rpace between t"vo con· recognizable. It should guiue the tl'llveler; sel'\-e' are composed are cal'l'ied as solid particleR by 

The features represented on the topographic tours is the same, -whether they lie alollg a cliff, the illvestor or ovmer \\·ho uesires to a1:icel'tain the water and deposited as gravel, salld, 01' 1Il!1C1, the 
map are of tillee dhtlnct kinds: (1) inequalittes I or un a gentle slope; but to ll!'le a gl\en heIght I positlOll and surlUundlllgs of propmt} to be deposit is called a mechanical sedilllelit. Thest' 
of SUI face, c,tlleu 1 ellet, as plams, plateaus, valle} s, on a gentle slope one must go fal ther th,lll un a I uough t or sold; sa\ e the engmem pI elimlIlal) may become hardened into eonglomerate, sund· 
hills, lind muullt.llnS; (2) dIstrIbutIOn of wateJ, steep slope, ,md therefore contourt; ale f,u apart I sm \ e, s m locatmg loa.ds, I.tll\\ a) s, and llilgatiOn stone, or shale. 'Vhen the material i~ cal'1'iecl ill 
calle(l aH streMHA, bkes, and R'wamps; on gentle "lopes and ne,lr togethm on "tetp ones dltcheR, plo\lde educational matellal f('1 Achools solution by the water aud is deposited 'without. 
(3) the of lllan, c'llled culture, aR lOads, I For a flat ot gently undulatmg cuunhy a small llld hortleo;; and Rel'\ e man) uf the purpot;es of It ~.he aid ~f life,Jt is call~d a. c~em~ca~ sediment; 
mIllod.d", bound alles, \illages, and CIties contour mterval is used; fora steep OJ mountam Ill,lp fOi ]o{,,111efelence If depOSIted WIth the aId of hfe, It Hl called an 

Belaj -All ele\ atlOlls aJ e llleaR11led hom mean ous country a laI'ge mten al IS lH-~Cet;Sal) The THE GEOLOGIC MAP organic sediment. The more important rocks 
sea· level. The heightf; of many points are aceu· ! smallest intenal used on the atlas sheets of the fOl'rned from chemical and organie deposits are 
rately iletermineu, and those which al'e most Geological Suryey is 5 feet. This is llsed fot' The maps repreRenting areal geology show by limestont', ellert, gypsum, salt, iron ore, peat, 
important tLre given on the map in figures.; regions like the }ii~sissippi delta and the Dismal colors and conventional signs, on the topowaphie lignite, and coal. Anyone of the ahO\~e se(li. 
It is desirable, however, to gi\'e the el:yn.tion of 1 t':hyalll~). In mappingW'eat mountaillmas~ef'l,like, base map, the distributiun of rock for'lllatIOns.on lllenta.l):c deposits ~ay be 8epar:~tely f~)J'jned, ~ll' 
all parts of tl~e area mapped, to del\lleate the , thos~ 1Il ColOl:ado, th~ ~Ilterval H~ay be 200 feet. I the RUl1ace of ~he earth, and the str~teture.sechon the drfierent mate~tals may he l?tel'lll:llgled III 

huriz()ntal outline, OJ' contout', of all slopes, aJHl to , For mtermedlate reltef contour Interva.IR of 10, map Rho\\'s theIr underground relatIOns, as fllr as lllally ways, produetng a great varwty of rockR. 
indicate their gmile or degree of Rteepness. This 120, 2i"J, f:iO, and 100 feet are used. known) awl in ,meh detail as the scale pt'l'ITlitf'l. Sedimentary rocks are usually made up or 
iR done by linef; conneeting points of equal elC\Ta· J)J'(tina[!e.~-\Vatercourses are indieated by blue KINDS OF ROCKH layers or beds which can be easily separated. 
tioll above merln sea-level, the lines being drawn i lines. If the stream flmvs the year round the These layers are called 8tl'ata. Roc-ks depll,sited 
at regul,al' \'el,-tical intel'val~.. These. lines are I line is drawn unbroken, .hut ~f the clw.nllel is dry Rocks are of many kinds. The OI'iginal crust in rsucceRs~ve.layers are sai~ to he stratifi~d 
ealle(l coutours, and the umform vertIcal a part of the year the hne IS broken 01' uotted. of the earth was probably composed of rhe sUlface of the e::trth IS not -fixed, ItS lt seems 
between eaeh two eon to ill'S is called the " \Vherc a st['eftm sinks and rea.ppears at the sur· and all other rocks have been tu be; it very slowly rises or sinks m·el' wide 
-interl)(tl. ContoUl'H aud elevations are printed in ,I face, the supposed underground course is shown them one ,:ay or a~\Other. . i e~panses, and as it riReH or subRidesthe s~~re.lines 
brown. by It broken blue line. Lakes, marshes, and other Atmosphene agenCIes gradually break up tgne· of the ocean are chitllged: areas of deposIlIOn may 

The manner jll whICh contours express eleva· J bodies of water are also sho\vn in blue, by appro· oIlRl'Ocks,forlilingsuperfieial,ol'".m'fid(jl,depo~jts rise ahove the ,vater and become laml areas, and 
tion, form, tind grade i" Hhown in the following ~I priate conventional signR. of sand, and gravel. Deposits of this class land areHS may sink below the water and become 
skcteh and c01Tespoll(ling eontoLlr map: Outtu,!'e.-The works of man, such as I:oads, l~a~·e _ f~ll1n~d on :~nd surfaces since the ~ar. areas of dep~sition. If North America ,:\'ere 

railroads, and towns, together \'lith houndarles of h~:-;t geologIC tane. Ihrough the tl'anSportlllg gradually to slllk a thousand feet the sea woulJ 
tovv'nships, counties, and States, and artificial agencies of streams the surficial materials of all flow oyer the Atlantic const and tIle ::UissisRippi 
detnils, are printed in black. ages IlIld origins are carried to the sea, where, liwl Ohio valleys from the Gulf of :Mexico to the 

Scales.~The area of the United States (exclud. along with material derived from the land by the Great Lakes; the Appalnchian :Mountains would 
ing Alaska) iR about H,025,OOO square miles. On action~ of the waves OIl the coast, they form ~e(Ii- ,become an arch~felago: and .the ocean's 1:ihore 
", map with the, scale of 1 mile, to the inch this mentm'y rocks. These are llsually h.ardened llltu I would traverse \\,l,scunsm, Io\\'a, and ~ansas'.,and 
would cover 3,025,000 square inches, and to conglumerate, sa~ustone, shal.e, and limeston.e, but extend ~hence to lexas. l\[ore exte~Rtve changes 

I 

accommodate it the paperd, imellsions, WOUl,d need they may remam unconsohdateu an,',l shll he, than thIS have l'e,peatedlY oecurred III the ,pa . ..,t. 
to be auout 240 by 180 feet. Each square mile eallecl "rocks Jl by the geologist, though popularly The chamcter ~f the original s~dime.nts may he 

"'-""::-",--,-,, of ground surface would he represented by a kn~wn as ?,ravel, s~nd, ~Tld clay... . changed by chemIcal. and dynamIC actlOn so as to 
square inch of map surface, and Clne lineal' mile ]irom tmle. to tl!ne 111 geologIC hlt;tor,r 19ne· pr~duce meta~orphIC rocks .. In t~e metamor· 
on the ground would be represented by a linear OilS. and sedl?-Ientary rock~ lliwe .been deeply phlsm .of a se(hm~ntary rock, JURt as tIl the meta~ 

: inch on the map. This relation bet\veen distance bUrled, consolIdated, and raIsed agalll aboye the morpillsm of an Igneous rock, the S11 bstallces of 

I 
in nature and corresponding distance on the lllap sllrface of. the wa.ter. In these processes, thro~gh \~:hic~ it is eomposed lllnyenter into new com· 
is called the scale of the map. In this case it iR" 1 the agenCIes or pressnre, moYement, and chemwal hmatlOns, or lle\\'~ substances may he added. 

I lllile to an inch.)) The seale may be expressed also action, they are often greatly altered, an(l in thiR ",Vhen these processes are complete the sedilllen· 

I 
by a fraction, of which the numerator is a length condition they are ~~alled lnetanWI1Jkic 'l'~ck..'" tary rock becomes crystalline., t;u~~h chauges 
on the map and the denominator the cOJTespond. If/JUons '/'O('k8.~rhelle are 1'()(:kR. wbwh lmye transform sandsto.~e to quartZIte, hmest~llIe to 
ing length in nature expre:~sed in the same unit. couled and consol~dated fr?IIl a hqllld state. As ma~'ble, and. r~odIfy other rock>! aCC()l'd~Il¥. to 

}'ig. 1.-1d~al sketch and eorr~SP·~~d-ing contour map. I Thus, as thel'e are 63,360 inches ill a mile, the has l?een exp]al~e~, 8~dlmentaJ'y roc~s were theil' eO~llposItlOIl. A system ?f parallel dIVlslOn 
scnle "1 mile to an inch ,. is expresAed by depOSIted on the (mglllaligneous rockR. lhrough planes IH often produced, whICh may cross the 

The sketch represents a river valley between Both of these methods are useu on the mapR the igneollR and sedimentary rocks of all ageR original beds or strata at any angle. RodeR 
two hills. In the foreground is the sea, with a bay the Geologieal Survey. molten material has from time to time been fmeed divided oy such planes are called slates or Rdlists. 
which is partly cloRed by.a hooked snnd·bar. On Thl'ee scales are used upward to or near the RUl'faee, and there con· I Rocks of any period of the earth's hist01'Y nwy 
eaeh :..ide of the valley IS a terrace. From the the Geological Survey; the srnalleAt is solidated. vVhen the ehannels or vents illto be more or less altered, hut the younger forma· 
terraee on the right a hill rises gradul111y, -while intermediate W;oo6' and the largest which this molten material is forced do not tionR have generally eAeaped lllllrkeil HletalJlor· 
from that on the left the grollnd ascends Rteeply correspond approximately to 4 miles, reach the surface, it either consolidates in cracks ~ phisHl, and the oldest sediments known, though 
ill a precipice. ContraRted ,yith this precipice is and 1 mile on the ground to an illch OIl the map. or fissures cl'Ossing the Ledding planes, thus form· generally the most altered, in some loca.lities 
the gentle descent of the left·hand slope. In the On the scale G2,~ a square lTwh of map sllrface ing dikes, 01' else spreads out between the strata remain essentially unchanged. 

~~:;:,~;;~~t~f :~~~:~o;,e~!u:~: i:k~;~~~~;(\:l:::~~l; ~:;;:~s:~t~h:n~ca~~I::,,:,O:od~'1;~~2r s~~,a:.e :~:~::~ :'~c~~~~.eb~~;~::l c::;t~~18:~~s O\J~t~i:i~~:ir ~.~~~ sa;~;~~;:~e;·;e::d;~':~~::s~~:~::,~,~~::2:;I~~:;':: 
The following explanation Illay make clearer the enclosures they cool slowly, and hence are geneI'· whether derived from the breaking up or disinte· 
manner in which contulirs delineate elevation, and on the scale 250~QOO' to al)()ut 16 sqnare miles. aUy of cryst.alline texture. \Vhen the channels gmtion of the underlying rockR by atmospheric 
torm, and grade: At the bottom of each atlas sheet the seale is reach the surface the IllvaR oft.en flow out and build ageneieR or from glaeial action. Sur-fieial rocks 

1. A contout' inuicates approximately a certain expressed in three different ways, one being a up volcanoes. These lavas cool rapidly in the ail', that are due to disintegration are produced chiefly 
height al)oYe sea·le,·el. III this illustration the graduated line l'epresentiJlg miles and parts of aequiring a glassy or, more often, a partially by the action of air, water, frost, alJilllals, imd 
contour interval is 50 feet; therefore the con· miles ill English inches, illlother indicating dis· talline condition, They are uSIHtlly more or plants. They consist mainly of the least soluble 
tOllrs are drawn at 50, 100, 150, 200 feet, amI so Oil, tance in the llIetrie systeltl, and a third gi\'ing the porous. The igneous rocks thus formed upon the I parts of the rocks, which remain :tfter the more 
auove sea·level. Along the contour at 250 feet lie fraetional seale. snrface are called extl'u8h..'e. Explosiye action soluble parts have been leached out, and hence 
all pointA of the surface 250 feet above sea; and Atla,fJ 8lieet8 a.nd The map is often accompanies volcanic eruptions, causing are known a..'l residual productR. Roils lmd Rub. 
Aimihu'ly with any other eontour. In the space being published in of convenient size, ejections of dust or ash and larger fragments. soils are tIle most important. Residual aeeumu· 
between are found all elevations \vhich are bounded by parallels and meridians. These materials when consolidated constitute lations are often washed or lJlown into valleys or 
al)()v(l the and be10w the lligher contour. The corresponding four·cornered portions of ter· bl'eccias, agglomerates, and tuffs. The ash when other' depressions, where they lodge and form 
ThuR the contour at 150 feet falls iUHt below t.he ,ritory are called quadmuyle8. Each Hheet on eanied into lakes or seas may become Rt.rati-fied, deposits that grade into t.he sedimentary class. 

of the terrace, \vhile that at 200 feet lies the Rcale of ~50:0lJj) contains one square degree, 1. e., a so RA to have the structure of sedimentary rocks. Surficial rocks that are due to glacial action are 
the terrace; t.hereJore all points on the uegl'ee of latitude by a degree of longitude; each The age of an igneous rock is often difficult or formed of the products of disintegration, together 

terraee are Rhown to lle more than 150 but less sheet on the scale of 1~00t) eontains one.quarter of jmpossible to determine. 'Vhen it cuts across a with bowlders and fragments of rock rubbed from 
than 200 feet ahoYb ~ea. The ·summit of the a square degree; each sheet on tbe seale of (1:l.~..oo sedimentary rock, it is younger than tllat rock, the surface and ground together. TheRe are 
higher hill is Rbted to be (71) feet Rhove sea; containO! one·sixteellth of a Rqulll'e deb'Tee. The and \vhen a sedimentary rock is deposited over spread ilTegularly over the territory oe(~upied hy 
accordingly the eontour at 650 feet surrounds it. areas of the eorrespomling quadrangles are about it, the igneous rock is the older'. the ice, and form a mixture of clay, peLbles, and 
[n this illustration nearly all the contours are 4000, 1000, and 250 square miles, respectively. Under the influence of dynamic and chemical bowlders which is known as till. It may occur 
numhered. Where thiR is not possible, certain The atlas sheets, being only parts of one ma.p of forces an igneous rock may be metanlOrpllOsed. as a sheet or he bunched into hllls aud ridges, 
contourS-Ray every fifth ()ne~are accentuated the United StateR, are laid out witbout regard to The alteration may involve only a rearrangement forming moraines, drumlins, and other special 
and numbered; the heights of otherR may then the boundary lineR of the States, counties, or town· of its minute particles or it may he accompanied forms. Much of this mixed material was waRhed 
be ascertained hy counting up or down from a ships. To each sheet, and to the quadrangle it by a change in chemical and mineralogic composi. away from the ice, assorted by water, and rede­
numbered cOIltour. represents, is given the name of some well·known tion. :FUl-ther, the structure of the rock may be posited as beds or trains of sand and clay, thus 



forming another gradation into sedimentary 
deposits. Some of this glacial wash ,vas deposited 
in tunnels and channels in the ice, and forms char­
acteristic ridges and mounds of sand and gravel, 
known as osars, or eskers, a11<1 kames_ The 
material deposited by the ice is called glacial 
drift; that washed fmm the ice onto the adjncent 
lalld is called modified drift. It is mual also to 
class as surficial rocks t.he deposits of tlle sea and 
of lakes and rivers that were made fl,t the same 
time as the ice deposit. 

AGES OF ROCKS_ 

Hocks are further distinguished according to 
their relative agel'l, for tIley were not formed all 
at one time, hut from age to age in the etl,l'th's 
history. Classification by age is independent of 
origin; igneolls, sedimentary, anu i:llll'ficial rocks 
may be of the same age. 

the Pleistocene and the Archean, are distin. In cliffs, canyonR, shafts, and other natural alld 
guished from one another by different patterns, artificial cuttings, the relations of different beds 
made of parallel straight lines_ Two tints of the to one anoUler may be seen. Any cutting wh1<..'h 
veriod-color are used.: a pale tint (the undel'print) exhibits those relations is called II section, and the 
is printed evenly over the whole surface represent- same name is applied to a diagram representillg 
ing the period; a dark tint (the overprint) hrings the relations. The arrangement of rocks in the 
out the different patterns repl'esentingfol'mations. : earth is the earth's structure, alld a section exhiLit-
-- ----. - -.-._ .. - I ing this arrangement is calleu a structure section. 
______ . PR'<lOD. ,COLOR. The geologist is not limited, hO"lNe\Ter, to the 
Pleistocene - .. _ .... _ .. _ . . . P I Any colors. : natural and artineifll cuttings for his information 
Neocene {~Vg:~:} - Buffs. concerning the eaI'th1s structure. Knowing the 

~~~t~:c:~~:~Udillg Oligocene) . - . ~ I g~~:::~;;;~~s. manuel' of the formation of roekR, awl having 

J uratrias {~~i~~:lg} . Blue-greens. 
Carboniferous (iHcludiHg PCI1uian) .. ! C Blues. 
Devonian D Bltte-purples. 
8ilurian (ineiuding Ordovician) .. ··1 S I· Hed-purples. 
Cambrian _ _ .. _ £ Pinks. 
Algonkian. Orange-browns 
Archean . A'l Any colors 

\Vhen the predominant material of a I'oek mass Each formation is fllt'thermore given a letteI'­
is essentially the same, and it is bounded uJ'rocks symhol of the pedod. In the case of a Redimen. 
of different materiulfl, it is ('onvellient to eall the tar), formation of uncertain age the pattern is 

traced out the relations among beds on the sur­
face, he can infer their relative positions after 
they pass heneath the surface, dr:nv sections 
which represent the stI"llCture of the earth to [L 

considerahle depth, and construct a diagram 
exhibiting what \vouJd be seen in tIle side of a 
cutting many miles long and several thousand feet 
deep_ ThiR is illustrate(l in the following figure: 

lllaRS throughout jt!ol ~'xtellt a and such printed on whitegronnd in the eolorof tIle period 
a fOf'matioll is tlle llllit of mapping. to ,,,,hieh the formation is Rll}lpose<l to belong, , 

Se\"era] formations cOlll:liuereu togdher al'e the letter-symbul of the period being omitted. I' b--~~===-~oc?:irsc::s:;,-;;=2~ 
designated a The time taken for the The number and extent of surncial formationR 

Tn fig. 2 there are three sets of formations, dis­
tinguished by their underground relations. TIle 
first of these, seen at the left of the section, is the 
set of l'Iandstones and shales, which lie in It hori· 
zontal position. These sedimentary strata are 
now high above the sea, forming a plateau, and 
their change of eleyation sbo,vs that a portion of 
the earth1s mftSS has swelled upwm·d from a 
lower to a higher level. The Rtrata of tIllS set are 
parallel, a relation which is called COliforlfwulr. 

The second set of formations eonsists 01 strata 
which form arches and troughs. These strata 
were once eontinuous, but the crests of the arches 
ha\Te been removed hy degradation. The beds, 
like those of the first set, are conformable. 

The horizonta.l strata of the plateau rest upon 
the upturned, eroded edges of the heds of the 
second set at the left of the section_ The OHr-
lying deposits are, from their positions, evidentl): 
younger than the underlying .rormati01I~, and the 
bending and degradation of the older stmta must 
ha\Te occurred between the uepositiull of the ollieI' 
beds Ilnd the acculllulation of the younger. ,Vhen 
younger strata thus rest upon:w er·olied ~urfa.ee 
of ohler stratu t.he relat.ion hetween t.he two is an 
~I1WOJlfOl"rnllble one, and their sllrface of contact is 

deposition of :\ is ealled an epoch, and of the Pleistocene render them so important that, ; 
the time taken for that of a syRtem, or sume to distinguish them from those of other periods of formation~ cOmlists of enstal. 
larger fraction of a I:l)'stem, a 1'0'£0£1_ The rocks and from the igneous rocks, patterns of dots and line flchists and igneous rocks. At some pVt:'l'iod 

are mapped by formations, and the forHlationR are circles, p-r:In.ted in any colors, are used: I Fig. 2.-Sketch showing a yertical ~ection in the front of tbe of their history tlJe schists were plieate(l 1»), vres-
classined into systems. The rocks composing a The ol'lgm of the Archean rocks_ is r:ot fully picture, with a landscape beyond. sure and traversed hy eruptions of moltell rock. 

and the tillle taken foJ' its deposition are se;tled. l\b~IY of dIem are certalll~Y 19neou~.· The figure represents a landscape which is cut But this vress!1re and intruRion of igneow, rocks 
the same name, a~, for instanee, Cambrian "\\" hether s~chmentary r~cks are aTlso Illc~llded ]S I off sharply in t.he foregrollnd by a vertical plaIle I have not affected the overlying strata of the second 

system, Cambrian period. not det_erlllllled. The Alchea~ ~ocks, and all meta- that cuts a sectlOll so aR to show the umlerground set. Thus it is evident that an interval of con Rid-
As sedimentalT deposits or strata accumulate morphlC rocks of unknown ongm, of whatever age, I relations of the rocks_ erable dura.tion elapsed between the furmatioll 

the younger rest OIl those tlHlt are older, and thfl are represented on the maps by pattet'IlR consisting The kinds of rock are indicated in the section of the schiRts and the bebrinning of deposition of 
relative ages of the deposits may be diRcovered of short dashes irregularly placed. T}lese are by aVIJI'opriate Rymhols of lineR, dots, aIHl daslles. the strata of the second set. During thi/l interval 
by observing their relative positions. This rela- printed in any color, and may he darker or lighter These symbols admit of much variation, but the the sclriilts suffered metamorphiRm; they were tlle 
tionship holdR except in regiolls of intense dis- than the background_ If the rock is a schist the following are generally used ill sections to repre- scene of erupti\ce activity; and they ·were deeply 
turbanee; sometimes in sueh regions the disturb- dashes or hachllres nmy he arranged in \vavy plll"- sent the commoner kinds of rock' eroded. The contact between the ~econd and 
:wee of the be<lR has been RO great that their al1ellines_ If Hie rock is knO\vn to he of sedi- third sets, marking a time interval betweell t\'1;O 
position is reversed, and it is often difficult to mentaryorigin the hachure patterns may be com-II SHALES periods of rock formation, is another uncon-
determine the relative ages of the beds from their bined with the parallel-line patterns of secli- formity_ 
positions j then /088ilr;, or the remainR of plants mentary formations. 1£ the metamorphic rock is The section and landscape in fig_ 2 are ideal, 
and animals, are guides to show ·which of t\VO recognized as having been originally igneous, the' but they illustrate relations \vhich actually oceur_ 
or more formations is the oldest. hachureR may be comhined with the igneous The sections in the structure-section Rheet are 

Htrata often contain the reltlains of phutR and pattern. related to the maps as the section in the figure is 
animals which lived in the sea or ·were ,vaRhell Known igneous fOI'fllatioTls are represented by related to the landscape. The pt·ofiles of the sur-
from the land into lakes or seas or wel'e buried in patterns of triangles or rhombs printed in any face in the section conespond to the actual slopes 
surficial deposits on the lanc1. Rocks that con- brilliant color. If the formation is of known age of the ground along the section line, and the 
tain the remains of life are called fossiliferous. the letter-symbol of the formation is preeeded by depth of any mineral-produeing or water-bearing 
By studying these remains, or fossils, it has been the capital letter-symbol of the propel' period_ stratum which appears in the section may be 
found that the species of each period of the earth's If the agfl of the formation is unknown the letter- measured from the surface by using the scale of 
]listory have to a great t'xtent differed from those symbol eonsists of small letters ,vhi<.'h suggest the the map_ 
of othel· perio(lR. Only the siIllpler kiIldR of name of the rockR. Colum.nal'-s6ction Hheet.-This sheet contaius a 
marine life existed when the oldest fossiliferous THE VARIOUS GEOLomC SHEETS. concise description of the rock formations which 
rocks were deposited. From time to time more JIistorical (fwlogy sheet.-This Rheet shows the' ; occur in the quadrangle. The diagrams and 
complex kindR developed, and as the ilimvler ones areaR occupied by the vario11s formations. On the I verbal statements form a summary of the facts 
1 veu on III mm 1 e orl1ls 1 e uecame more maJ"glll is a egenUJ, w lC is t e ey to t e map. relating to the character of the rocks, to the thick-I"' " j"fi d I )"1' "" I 'h" h" h k h I Fig. S.-Symbols used to represent difTerent kinds of rock. 

varied. But during each period there lived pecul- To ascertain the meaning of any particular colored The plateau In fig. 2 presents to\vard the lower nesses of the formations, and to the order of 
iar forms, \vhich did not exist in earlier times pattern and its letter-symbol on the map the I land an escarpment, or front, which is made up accumulation of successive deposits. 
and have ,not existed since; these are character- reader should look for dlat color, pattem, and 1 of sandstones, forming the cliffs, and shales, con- The rocks are described under the correspond. 
iRtic types, and. they denne the age of uny bed of symbol in the legend, where he will nud the n.ame stituting tl!e slope-s, ILS shown at the extreme le-ft ing heading, aud thBir characters are indicated in 
rock in whieh they are found. Other types and description of the formation. If it is desired of the sectIOn. the eolllmnal' diagTallls by appropriate symbols. 
passed on from period to period, and thus linked to find any given fonnation, its name Rhould l>e The broad helt of lower land is travel·sed by The thieknesses of formations are giH'n under 
the systems together, forming u chain of life from I' sought in the legend and its color and pattern several ridges, whieh are seen in the sectie)J1 to the heading "Thi{'kness in feet," in figm'cs whit·h 
the time of the oldest fossiliferou~ rocks to the noted, when the an'as on the map corresponding correspond to heds of sandstone that rise to the state tIle least and greatest mea~urements_ The 
present. . in color and pattern may be traced out. surface. The upturned edges of these beds form ayerage thickness of each formatiun is showll in 

"\Vhen two formationR are remote one from the The legend is also a partial statement of t.he the ridges, and t.he intermediate yalleys follow the column, which is drawn to a scale-usually 
other and it is impossible to observe their relative geologic history. In it the sytnl)()ls and names are the outcrops of limestone and ('alcareous shales. 1000 .feet to 1 inch. The order of accumulation 
positions, the chaI'acteristi(~ fos~il types fOllnd in arranged, in columnar form, aceording to the origin ,Vhere the edges of the stra.ta avpear at the of the sediments is shown in the columnar arrange­
them may determine which was (le-posited first. of the forlllations--Rurficial, sedimentary, and surface their thickness can be measured and the ment: the oldest formation is plaeed at the 

Fossil remains found in the rocks of different igneous-and within each group they are placed angles at which they dip below the surface can he bottom of the column, the youngest :it the top, 
areas, provinces, and continentR, afrOI'd the most in the order of age, so far as kno,vn, the youngest obsenced_ Thus their positions underground can and igneous rocks 01' other formutions, when 
important means for comhinillg local histories at the top_ be infel'l'ed. pl'esent., are indicated ill their proper relations. 
into a general earth history. Economic geology 8l1.eet_~This sheet repI'esents "\Vhen strata which are thus inclined are traced The fOl1nations are comLined illto systems 

Colol'I:l ((1ul pattel'lls_-To show the l'elatl\Te ages i the dist.ribution of useful minerals, the oeCUl'renee underground in mining, or by inference, it is Ire- : which correspond ·with the periods of g~ologic 
of strata, the history of the Redimentary rocks is I of artesian water, or other facts of economic quentlyobserved that they form troughs or arches, : history. 'l'huE the ages of the rocks are shown, 
diYided into periods_ The names of the periods interest, sho·wing their relations to the features of such as the Rection shows. But these sandstones, and also the total thickness of each SystE'lll_ 
in propel' order (from ne\v to old), ,vlth the color topography and to the geologic formations. All shales, and limestones \vere deposited ueneath the The intervals of time ,vhich cOl'l"e~pond to 
or colorR and symbol assigned to each, are given the formations which appeal' Oil the historical sea in nearly flat sheets. That they are now bent events of uplift and degradatioll and constitute 
in the table in the next column. The names of geology sheet are shown on this sheet by fainter and folded is regaJ."ded as proof that forces exist inteIT'uptions of deposition of sediments llwT be 
certain suhdivisionR of the periods, frequently color-pattel'ns_ The areal geology, thus printed, which have from time to time caused the earth's indicated gravhically or by the word "unconform-
used in geologie writings, are bracketed against affords a subdued background upon whidl the surface to wrinkle along certain zones. ity," printed in the columnar sectioll. 
the appropriate period name. areas of productive formations may be emphasized On the right of the sketch the section is com- Each formation shown in the columnar seetion 

'1'0 distinguish the sedimentary formations of by Rtrong colors. A symbol for mines iR intro- posed of schists which 3J'e traversed by masses of is accompanied by its namt', a descriptioTI of its 
anyone period from those of another the patterns duced at each occurrence, accompanied hy the igneous rock The schists are much eoutorted character, and its letter-symhol as used ill the 
for the formations of each period are printed in name of the principal mineral mined 01' of the and their arrangement underground can not he maps and their legends. 
the appropriate period-color, \vith the exception stone quarried_ inferred. lIence that portion of the section CHARLES D_ \V ALCOTT, 
of the first (Pleistocene) and the last (Archean). Str1wtWl'e·s8c#on slwet.-This sheet exhibits the delineates what is probably true but is not 
The formations of anyone period, excepting relations of the formations beneath the surface. known by observation or well·founded inference. Revised June, 1897. 

iJirectm'. 
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DESCRIPTION 
GEOGRAPHY. 

GRNEltAL ltELATIONS. 

A1'ea and po.<lition.- The Washington quad. 
rangles include the District of Columbia and 
adjoining portions of Virginia and Maryland 
between the parallels 38° 45' and 39" north lati· 
tude and the meridians 76° 45' and 77 0 15' west 
longitude. Of Virginia the counties represented 
are Alexandria and part of Fairfax; q£ Maryland, 
parts of Prince George and Montgomery. 

The area represented by the map, 455 square 
miles, comprises two quadrangles, each of which 
extends through 15 minutes of latitude and 15 
minutes of longitude. Together they form one­
eighth of a square degree. The dividing line 
between them, the meridian of 77°, passes through 
the eastern part of the city of \Vashington. They 
are distingnished as the East Washington and 
West Washington quadrangles, and in this descrip· 
tion their combined area wHl be referred to as the 
Washington quadrangles. 

PHYSIOGRAPHIC DIVISTOXS. 

Within the WashiDgton quadrangles are por· 
tions of two physiographic divisions, or areas 
which are marked by general surface aspects 
recognizable throughout each division. The 
Piedmont Plateau is the northwestern and higher 
division, and its characteristic uplands stretch 
across the northwestern half of the West \Vash­
ington quadrangle. The Coastal Plain is the 
southeastern and lower division. Its aspects are 
seen in the estuary of the Potomac and the ele­
vated plains southeast of Washington, tt.lgether 
with the terraced slopes connecting .them. 

From New York to Georgia these two divisions 
form a broad slope which descends from the 
Appalachian Mountains to and beneath the waters 
of the Atlantic. The boundary between the two 
divisions is very indefinite and is determined by 
the amount of erosion by the streams. 

The higher, western portion of the region, the 
Piedmont Plateau, is underlain by very old rocks, 
which have passed through many changes of 
structure and position since their formation. Th~ 
lower, eastern portion of the region, the Coastal 
Plain, is marked by unconsolidated sediments­
gravel, sands, and clays-which lie in beds nearly 
as they were deposited. 'fhe older: crystalline 
rocks lie under the unconsolidated sediments and 
descend eastward beneath sea level. Below the 
points where the crystalline rocks pass beneath 
the waters the principal streams are sluggish and 
affected by the tides. Not far above such points 
falls appear and navigation is impracticable. 'fo 
this is due the location of many large cities near 
the border of the two provinces, such as Trenton, 
Philadelphia, ~Vilmington) Baltimore, 'Washing­
ton, Richmond, and Petersburg. 

P'iedmont Plateau.-The Piedmont Plateau is 
an upland to which the term" plateau" is applied 
because of its elevation and general 
flat aspect. It constitutes a division ~~j:r::~tthe 
of the great Appalachian province, and Plateau. 

its name, "Piedmont," refers to its position at the 
foot of the Appalachian Mountains. From the 
base of the Blue Ridge in Georgia, North Carolina, 
and Virginia, and from Catoctin Mountain in 
Maryland and Pennsylvania, it slopes as a whole 
southeastward. The snmmits stand at nearly the 
same height over extensive areas, with gradual 
changes from district to district. Since its for. 
mation the original plain has been uplifted and 
the streams have worn narrow channels down 
into the old surface. The rugged slopes thus 
produced are closely confined to the streams and 
are visible only on near approach. Along the 
northwestern border of the Plateau there are 
remnants of the old plain not yet invaded. In 
passing northward through Virginia, one finds 
the Plateau and the Mountains gradually merg­
ing into each other, so that the separation of the 
Piedmont and Mountain divisions becomes less 
prominent. Where the Potomac passes out into 
the Piedmont region the actual plateau extends 
far into the Appalachian Valley. Many outliers 
of the Appalachian Mountains, such as the South 
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Mountains in North Carolina and Southwest Moun- trum the border of the Plateau. Most of the 
tain in Virginia, interrupt the seaward slope of 
the Plateal!-. 

The eastern border of the Piedmont Plateau is 
much less clearly defined than its western margin. 
The Piedmont slope gradually descends toward 
the east and merges into the Coastal Plain. The 
chief topographic difference between the two 
provinces lies in the contrast presented by the 
narrow gorges cut in the Plateau and the wide 
valleys of the Coastal Plain. The crystalline 
rocks of the Plateau form a floor on which the 
sediments of the Coastal Plain were laid down. 
At first these lapped far over the Piedmont 
region, but they have been removed more and 
more by erosion until only small remnants are 
left upon the Plateau. As the streams cut deeper 
and wider vaneys in the loose _sediments than in 
the hard underlying rocks, a general difference in 
topography resulted. Later periods of submer­
gence, during which the Coastal Plain was beneath 
the sea, allowed the waters to extend far up the 
larger valleys, and in some cases the later gravels 
reach across the Piedmont Plateau and into the 
Appalachian Mountains. 

Throughout the entire extent of the Piedmont 
Plateau the uplands are smooth and ronnded, 
usually to a very marked degree. They Surface forms 

represent the ancient plain to which '::.:~::I~~ 
the land was WOI'D down during long teau. 

ages of decay. The streams near their heads flow 
between low divides in the open, shallow valleys 
of the ancient plain. In their lower courses, 
however, they have worn channels deep into the 
old vaHey floors and now :flow through narrow 
gorges and canyons. These canyons widen out 
on the softer rocks and toward the east, and their 
steep walls give place to terraces and to lower and 
smaller plateaus. In a view across the Piedmont 
Plateau from one of its summits the monotonous 
le\,el of the uplands is here and there broken by 
small ridges and peaks which rise a few hundred 
feet. above the Plateau. These are areas not 'worn 
down to the level of the plain and are most com· 
man near the union of the Piedmont Plateau and 
the Appalachian Mountains. 

The uniform heights of the Piedmont Plateau 
distinguish it from the marked relief of the ridges 
and valleys in the Appalachian Moun. 
tains. The Plateau as a whole has a i~:~~i.!.~~t 
gentle slope toward the east and south. 
east in that portion which drains into the Atlantic, 
and toward the south where the streams drain into 
the Gulf of Mexico. In a wide belt adjoining the 
Coastal Plain the Plateau summits vary from 300 
to 600 feet above sea. This belt comprises almost 
all of the Plateau north of the James' River, in 
Virginia. O\'er another wide belt adjoining the 
Appalachian Mountains the Plateau summits are 
1000 to 1100 feet above the sea, while along the 
immediate western borders of the Plateau the sum· 
mits rise to 1500 feet. The Plateau surface south 
of the James River and lying in the Atlantic 
drainage is about evenly divided between the 
lower and higher groups of altitudes. The zone 
of descent from higher to lower is relatively nar· 
row, and in it the Plateau surface falls rather 
rapidly. This zone passes from the Appalachian 
Mountains into the Plateau a little north of the 
James River, and, as its trend is more nearly 
south than that of the Plateau, it slowly recedes 
from the 1fountains toward the Coastal Plain. 

The system of drainage of the Piedmont Plateau 
is fairly simple. :Most of the streams flow south. 
easterly into the Atlantic. Around the Ch t 

southwestern ena of the Appalachian iA:i~:::rs, 
Mountains, where the Plateau swings Plateau. 

toward the west, the streams flow southerly into 
the Gulf of Mexico. There are two principal 
classes of streams-those which rise near the 
inland border of the Plateau, and those whicb 
rise beyond it, in the Appalachian Valley. The 
Savannah River, in Georgia, is typical of the first 
class, and the James River, in Virginia, of the 
second class. North of the Virginia-North Ca.ro­
lina boundary these two kinds of streams drain 
nearly equal areas of the Piedmont Plateau, while 
south of that boundary no large stream rises far 

larger streams of both classes flow directly across 
the Plateau at wide angles with the trend of the 
rock formations. In their general freedom from 
the control of the rocks, the Piedmont streams 
are most unlike those of the Appalachian Mou,n. 
tains and Valley. The chief exceptions to this 
are in Georgia and Alabama, where the main 
streams follow the rock belts for long distances. 
The small rivers and tbe tributary creeks show 
greater dependence upon the nature and structure 
of the underlying rocks, and occupy many valleys 
running northeast or southwest with the rock 
belts. These courses become general in some 
regions - for instance, in central Virginia. Most 
of the Piedmont streams branch uniformly at 
their heads and occupy basins which are about 
parallel. This is particularly the case with the 
smaller r1"ers which head in the eastern part of 
the Plateau, near the Coastal Plain. 

Ooa8tal Plain.-The lands adjoining the ocean 
from New York to :Florida rise gradually from 
beneath tide level into broad, tabular or gently 
rolling areas intersected by wide, terraced valleys. 
Originally the province was asmooth plain, covered 
with a thin sheet of sands and gravels, 
wit~ its western portion recently ~e~~itof 
uplIfted from the sea. It has been ~r~i~:~ by 
trenched by the rivers which cross it, 
but large areas of the original plain remain 
between the valleys, and toward the west gradu­
ally rise to altitudes of a few hnndred feet. To 
the east the margin of the continental plateau 
slopes gently far out under the sea, where it is 
finally terminated by tbe escarpment which 
descends into the Atlantic Basin. This sub­
merged portion of the plain is a hundred miles 
wide near New York and gradually diminishes 
in width toward the south. As it rises abo ... ·e tide 
level it presents low, sandy shores with wide bars, 
often inclosing extensive sounds and bays. The 
larger l'i\'ers from Virginia to New .Tersey are 
wide estuaries in the Coastal Plaiu1 bordered 
near the sea by lo,'{ flats and wide marshes, and 
by higher lands wbere the intervening plains rise 
to the west. The smaller streams usually head 
in the high lands of the old plain, and flow in 
vaneys that are wide, owing to the incoherence 
of the Coastal Plain formations. The width of 
the Coastal Plain varies from a few miles on Long 
Island to 60 miles in New Jersey and 100 miles 
in Virginia and southward. 

Along its western margin some features of the 
topography change as the erystalline rocks rise to 
the surface and the soft, younger deposits of the 
Coastal Plain thin out. By a general rise the 
plain merges westward into the Piedmont Pla­
teau and extends to the foot of the mountains, 
but in the elevated ,plateau the valleys also are 
deeper, and, owing to the hardness of the crystal. 
line rocks, they are narrower and their sides are 
rocky. From Virginia northward the larger 
estuaries extend to and slightly beyond the line 
along which the crystalline rocks rise from beneath 
the Coastal Plain sediments. From northern 
Virginia to New Jersey there is also, along the 
western border of the Coastal Plain, a shallow 
trough, which is marked mainly by partial south­
westward deflection of the Delaware and Potomac 
rivers and the head of Chesapeake Bay in their 
course across the Coastal Plain. This trough is 
apparently due to several slight oblique depres. 
sions in the surface of the original deposits, greatly 
deepened by erosion. 

LOCAL TOPOGRAPllIC ASl'lw'rs. 

About one-fourth of the Wash~ngton quad­
rangles is in the Piedmont Plateau and about 
three-fourths are in the Coastal Plain. 'fhe higher 
lands to the west rise to altitudes 
averaging 300 to 400 feet, one small t~!i:~::J of 

area being slightly over 500 feet. slape. 

Farther ~ast the higher plains slope gently east­
ward, from 300 feet near the center of the district 
to 200 feet near its eastern border. Originally 
the entire region was a relatively smooth plain, 
of which the fragments now remaining have an 
altitude of 500 feet 13 miles west of Washington 

and 200 feet south of Upper Marlboro, a general 
slope of about 10 feet to the mile. In the uplift 
and tilting of this plain there has been extensive 
denudation, especia1ly in the higher lands to the 
north and west. Wide, terraced valleys have 
been excavated by the rivers and R,elatlonsof 

larger creeks, and the plain surface has tbe valleys. 

been deeply invaded by the sma1ler branches. 
The val1eys are wide in the Coastal Plain area on 
account of the incoherence of the materials in 
which they are eroded. In the Piedmont area 
they are narrower and rocky sided. The domi­
nant feature of the district is the Potomac Ui,'er, 
which flows out of a gorge in the Piedmont region 
into a wide vaHey and estnary just above \Vash· 
ington. Near the center of the quadrangles the 
Potomac River is joined by a small branch, the 
Anacostia Ri\i'er, which flows from a district in 
which the plateau and higher terraces have heen 
widely eroded to rounded hills of moderate eleva­
tion. 

In the eastern portion of the quadrangles are 
the headwate,rs of the "\Vestern Branch of the 
Patuxent River, in a terraced depression which 
has deeply invaded tbe general high-level plateau. 

The city of ~Vashington occupies. a broad tri­
angular area ~t the confluence of the Anacostia 
and Potoroac ri vers, its western portion extending 
a short distance up the Potomac gorge. There are 
two principal series of terraces of the Teuace 

Potomac Valley-a lower series, on !b~!:'r" 
which the greater portions of W ashing. Washin~on. 

ton and of Alexandria are built, ana a higher 
series, the two series being separated by steep 
slopes. The lower series has an average altitude 
of 90 feet about Washington, and borders the Poto­
mac estuary with a width of from 1 to 3 miles. 
Southward its altitude gradually decreases to 60 
or 70 feet. It extends as a narrow, discontinuous 
shelf along the northern side of the Potomac gorge 
to Great ,Falls, and increases in altitude in that 
direction to 145 feet. It also extends far up the 
Anacostia Valley and its branches, and up the 
many smal1 branches of the main Potomac Valley. 

On the higher terrace is built a portion of the 
northern suburbs of Washington, notably Mount 
Pleasant; and this terrace is fOllnd in a series of 
wide areas southwest of Washington and west of 
Alexandria and in the summits of some natTOW 
ridges along the eastern side of the Potomac 
estuary. The heights representing it abont ,V ash· 
ington average 200 feet, but southward they 
gradual1y descend. To the west they rise, notably 
west of Alexandria, where they attain elevations 
of from 240 to 270 feet at the base of the steep 
slopes by which they are separated from a higher, 
older plain. Small fragments of this terrace sys­
tem are found far np the valleys of Hock Creek 
and Henson Creek, up the Potomac gorge, and in 
the hills adjoining the Anacostia depression. 

GEOLOGY. 

:rIlE GENERAL GEOLOGIC RECORD. 

The form!\tions which appear at the surface of 
the Piedmont Plateau and the Coastal Plain form 
two "ery distinct groups corresponding with the 
geographic divisions. The rocks of the Plateau 
comprise igneous, crystalline, and sedimentary 
bodies, all more or less altered since their materials 
were first brought together. The formations of 
the Coastal Phiin are wholly sedimentary and 
have been little consolidated or altered in position 
since they were deposited. The Piedmont rocks 
are ancient, some of them going back to the earliest­
known period, while the Coastal Plain deposits 
are all relatively modern. 

The ancient rocks of the Plateau comprise four 
series, of widely different age and character. 
These are: the igneous and crystalline rocks, 
including gneiss, schist_, granite, diorite, and simi­
lar formations; the volcanic formations, embracing 
rhyolite, basalt, and their alteration products; the 
older sedimentary strata, including conglomerate, 
sandstone, slate, limestone, and their metamor­
phosed equivalents; and the younger sediments, 
the conglomerates, sandstone, and shale of Jura­
trias age, with the eruptive rocks which accomp~ny 
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them. The relative areas of these groups nearly 'I the beginning of Cambrian and extended at least 
correspond with their ages, the area of the oldest into Silurian time. It is possible that the begin. 
group being greatest and that of the J matrias ning was earlier and the end not until the close of 
least. Carhoniferous time; the precise limits are not yet 

The £rst three series have been greatly changed known. 
since their formation, both in composition and in These strata comprise conglomerate, sandstone, 
attitude, the alteration being so profound in some slate, shale, limestone, and allied rocks in great 
of the older gneisses and schists as to destroy their variety. They were far from being a continuOUA 
original nature. As a result, a schistose character series, for the land was at times uplifted and cer· 
prevails in these areas. The Juratrias series shows I tain areas of fresh deposits were exposed to era· 
little change save the hardening into compact stone sian. The sea gradually advanced to the east, 
and a moderate degree of tilting from its original i however, and land areas which furnished sediment 
attitude. The materials of which the sediments during the early Cambrian were covered by later 
are composed were originally gravel, sand, and Paleozoic deposits. As the sediments now reach 
mud, derived from the waste of older rocks, nearly across the Plateau at the latitude of Wash. 
together with the remains of plants and animals ington, the principal land body at the end of the 
that lived while the strata ,vere being laid down. Paleozoic was where the Atlantic Ocean now lies. 

The modern formations of the Coastal Plain Farther south it is probable that land existed 
consist in the main of gravel, sand, clay, and mar1. over much of the eastern portion of the Plateau. 
Only rarely have these been consolidated into This deposition was probably terminated by the 
stone, and they now lie in layers nearly as hori. same period of uplift and deformation which 
zontal as when deposited. The gravel, saud, and ended Appalachi.an sedimentation farther west. 
clay of the Coastal Plain represent nearly the The rocks of both regions were deformed by the 
condition of the J uratrias and older sediments as same general forces and suffered practically all of 
the latter were originally formed. the folding and metamorphism which they now 

From the relations of the formations to one exhibit. 
another and their internal structures many eyents After a long interval the Mesozoic sediments 

rocks, such as the granite, were formed. An 
interval, probably lasting into the 

Algonkian period, then ensued before the appear· 
ance of the volcanic formations, which are repre· 
sented immediately outside of these quadrangles. 
Of the succeeding periods, in the Paleozoic and 
the Mesozoic, no record is found in tbis area. With 
the CJ'etaceous gravels, sands, and clays the record 
begins again, and foJ' succeeding periods is fairly 
full aod well preserved. 

Very great difficulty is encountered in mapping 
the Archean formations owing to their deep 
weathering at the surface of the old plains. On 
the uplands, where these surfaces are least modi· 
fied, solid rock is Yery seldom found, and it is 
only where the streams have removed the weath· 
ered matel·ial that fresh rock can be seen. Near 
the heads of the streams there are considerable 
upland areas in which it is probable that many 
details of distribution of the fOJ"mations ",ill 
remain undiscovered, except as road cuts and 
excavations may expose thelll. The formations 
will be described in order of age, us nearly as 
their re1ntions have been determined. 

PlED1IIONl' PLATEAU AR}'-:A. 

ARCHEAN ROCKS. 

in their history can be deduced. Whether the followed the Paleozoic. The first of these con· Um·olinayneis8.-Thisfortnationoccupies,about 
crystalline rocks were formed at great depth or at stitute the Newark formation of the JuratriaR one·fourth of the area of crystalline rocks, a~d lies 
the surface is shown by their structures and text· period. It consists of shale. sandstone, and con· • in one large area in the northwestern portion of 
ures. The amount and nature of the pressure I glomerate, of a prevailing red or brown color, ' the quadrangles. Its character is well exhibited 
sustained by the rocks are indicated in a measure! and it outcrops in disconnected areas rnnging along the gOl'ges of the Putomac and the small 
by their folding and metamorphism. The compo· 'from ).Iassachusett8 to North Carolina. 1Yhile streams. The formation is composed of alternat· 
sition and coarseness of the sediments indicate the its extent ",vas originally much greater than at ing layers of gneiss and schist of a prevailingly 
depth of water and distance from shore at which present, it is probable that it was not deposited gray color, dark bluish gray where fresh, and 
they were produced. Cross bedding and ripple over the whole of the Piedmont region, but in greenish or yellowish gray where weathered. 
marks in sandstones indicate strong and variable separate basins or estuaries. Individual bands vary from a few inches up to 
currents. Mud cracks in shales show that their During and after this deposition eruptions of sevE:'ral feet in thickness, with an aVeI'age of per. 
areas were at times above and at times below lava took place. In some cases the lava poured haps less than a foot. Both kinds of layers are 
water. Red sandstones and shales like those of forth in beds upon the sediments and in some cases highly siliceous and are composed mainly of 
the Juratrias resulted when erosion was J'e\'i\'ed it hroke throug11 or forced itself between the quart:t., orthoclase and plagioclase feldspaJ', mus· 
on a land surface long subject to decay and CO\'· strata. The epoch was closed by movements covite, and biotite. In places the rock contains 
ered with a deep residual soil. Limestones show which raised the Newark hasins above the sea, numerous small crystals of garnet. Quart:t. and 
that the currents were too weak to carry sediment: tilted the strata, and establislled a continent mica predominate in the mica.schist, and quartz 
or that the land was low and furnished only flne I where had been the sea of the Paleozoic era. and feldspar in the mica gneiss, some of tpe latter 
clay and substances in solution. Many gravels of i The snceeeding strata of the M~so:t.Oic system having the aspect of a fine granite. Certain layers 
the Coastal Plain kind indicate violent action of' in the Piedmont region constitute the Potomac of the gneiss are to be seen in which the.quartz 
strong currents during their formation. formation, which as a whole is assigned to the and feldspar bodies have the appearance of sedi. 

The rocks themselves thus yield records of Cretaceous period, although vertebrate fossils of mentary pebbles, a resemblance which is probably 
widely separated epochs from the earliest age of .Jurassic types occur in the lowest portion. These deceptive. 'fhese individuals are usually round; 
geologic history to the present. The entire record strata consist of gravel, sand, and clay and are occasionally, however, they are flattened into 
may be summarized as follows, from the oldest unconsolidated, except in rare cases. rfhe beds (, eyes." They seldom have a diameter greater 
formation to the latest. dip slightly ~toward the southeast, but, as com· than one-fourth of an inch. The original nature 

Earliest of all was the production of the great pared with preceding formations, they are nearly of the gneiss, whether igneous or sedimentary, is 
bodies of Carolina gneiss. Its origin, whether flat. 'fhe Potomac formation extends eastward quite unknown. The thickness of the formation 
igneous or sedimentary, is buried in obscurity. from the Piedmont Plateau into and benE-ath the can not be determined in any way because there 
It represents a complex development and many Coastal Plain. are no distinctive beds, but, judging from the 
processes of change, in the course of which all The later Cretaceous sediments and the series large areas which the formation covers, its thick. 
original characters have been obliterated. The of Neocene and Pleistocene strata record gelltle ness is doubtless many thousands of feet. 
gneiss is, however, distinct £rom and much older oscillations of sea leyel associated with 11 plifts of Under the influence of weather the rock yields 
than any other formation yet identified on the the Appalachian and Piedmont regions. The \Tery slowly; gradually the feldspar disintegrates 
Plateau, and the time of its production is the ear· amount of uplift varied from place to place and and leaves the quartz and mica to he broken up 
liest of which we have record. i was greatest in the central parts of the A ppala. by rain and frost. The durability of the rock is 

During succeeding epochs masses of igneous' chian Province. Thus the accumulated uplift manifest in the fact that ledges appear even on 
rock were forced into the gneiss. The lapse of toward the northwest and subsidence toward the the upJands, and that quantities of schist frag­
time was great, the nature of the igneous rocks southeast tended to fix the areas of Jand and sea ments appear in the soils. Complete disintegra. 
changed repeatedly, and later intrusive masses in their present relations. The waste from the tion of the rock produces a red or reddish·brown 
were forced into the earlier. The granitic texture rising land formed the sediments of the CoastaJ clay. '1'he soils of this formation are light and 
of some of the formations and the lamination and Plain. The details of the oscillations and the well drained, owing to the large proportion of 
schistosity of others were produced at great depths resulting sediments are summarized later under mica aud quartz in them, and are readily washed 
below the surface. the heading II Coastal Plain ,area." away on hillsides. Except with favorable sur-

Upon these once deep.se.ated rocks now rest roundings and good tillage, the fertility of these 
lavas which poured forth upon the surface in pre· LOOAL GEOLOGY. soils is below the average in this region. 
Cambrian time. Thus there are in contact two General chamcter of the rocks.-The rocks of Gm:nite·gnei88.-This \videspread formation 
extremes of igneous rock - those which consoli· the 1Yashington district, like those of the adjoin. occupies a large irregular belt passing between 
dated at a considerable depth, and those which ing regions, are divisible into two classes, the Georgetown and Falls Church, and two smaller, 
cooled at the surface. The more ancient crystal· ancient and highly cl'ysta11ine rocks, and the outlying areas. The rock is remarkably uniform 
line complex had therefore undergone uplift and unconsolidated formations of the Coastal Plain. in appearance and has a prevailingly gray color­
long.continued eJ'osion before the period of vol; The former occur, for the most part, northwest dark bluish gray where fresh, and yellowish or 
canic activity began. The complex may safely aud southwest of Washington, and the latter lie greenish gray where weathered. The rock has a 
be referred to the Archean period. Whether to the east and south. Among the crystalline rather fine and very uniform texture. It is com· 
these ancient lavas represent a late portion of the rocks are found gneiss, schist, granite, diorite, posed, for the most part, of quartz, orthoclase, 
Archean or are of Algonkian age is not certain. gabbro, peridotite, pyroxenite, and rocks derived I plagioclase, muscovite, and biotite. With these 
The latter, however, is more probable. from these by metamorphic action, snch as granite. chief constituents are frequently seen sman 

Next, after a period of erosion, the land was gneiss, diorite.gneiss, metagabbro, serpentine, and amounts of garnet, chlorite, hornblende, tourma· 
submerged, and sandstones, shales, and limestones soapstone. The unconsolidated formations com· line, and pyrite. The principal exceptions to the 
were laid down upon the older rocks over much prise gravel, sand, loam, marl, and clay. even texture of the granite.gneiss are the round 
of the Piedmont area. Remnants of these strata The difference in age between these two groups balls and eyes of quartz and the knots and layeJ's 
are now infolded in the crystallines, and the POl'. of formations is very great. The oldest rocks of of chlorite and pyrite. These can generally be 
tions thus preserved from erosion cover large I the region are the mica.gneiss and mica-schist of ,found in good exposures of the rock, and the 
areas of the Plateau. The submergence which! the early Archean. Long after they had attained I quartz is conspicuous on weathered surfaces in 
caused their deposition began at least as early as I practically their present aspect, later Archean l particular. 

The minerals of the granite.gneiss have a 
marked parallel arrangem~nt., in places more, and 
in places less, but always in some degree. This 
is the result of metamorphism during dt-formation, 
the original rock having been granite. Where 
the recrystallization of the minerals parallel to 
one another is far advanced, the rock is a gneiss. 
Large areas exist, however, in which the schistose 
planes are not well developed, and even in the 
most schistose masses portions retain much of 
their original character in spite of alteration. Th,e 
formation is, therefore, termed granite·gneiss, as 
presenting both the original and the secondary 
characters. 

The metamorphosing forces which rendered the 
granite schistose were most effective along two 
belts, which coincide with synclines east of Great 
Falls and of \Vashington. At similar situations 
in sedimentary rocks outsirle of this region close 
crumpling and schistosity are found, and the same 
phenomena appear in the mica-gneiss and mica· 
schist neal' Great Falls. The granite.gneiss does 
not appear immediately along the synclinal axis 
in that vicinity, but schistosity becomes more 
pronounced in approaching the axis, until even a 
second system appears, cutting through and 
obscuring the earlier plane~. The whole rock 
mass clearly shows extreme deformation. Under 
the tremendous stresses the round balls of (luartz 
were in places mashed into eyes and lenticular 
layers. The greatest metamorphism resulted in 
layers which are now siliceous mica·schists. In 
the latitude of 1Vashington the alteration of the 
granite is greater than anywhere else in this 
region, and toward both the north and the south 
in this belt the schistosity steadily decreases and 
the rock has more and more of a granitic aspect. 
Toward the south the rock also becomes graduaIly 
coarser and less micaceous. These changes are 
equally clear in the rock mass and on the smallest 
scale. Under the microscope the fractures, the 
dislocation of minerals, and the growth of new 
minerals can everywhere be traced. 

From the fact that the formation was granite. 
its eruptive nature can be inferred. This is also 
shown in detail by the inclusion of foreign frag. 
ments, which appear in many places near the 
borders of the mica'gneiss, and also in other situa· 
~ions through the body of the formation. 

These inclusions are usually banded and iden· 
tical in appearance with the mica.gneiss. Some 
of the inclusions show no banding, but resemble 
the fine granitic layers of the mica.gneiss. The 
presence of narrow tongues of the granite.gneiss 
iu the mica.gneiss points to an eruptive nature for 
the granite·gneiss, but the great metamorphism 
has so obscured the contacts that they are not 
conclusive. A somewhat later date than the main 
intrusion is perhaps possible for some of' the 
granite.gneiss bodies in which the amount of 
schistosity is small. In several places, for instance 
west of Annandale and southwest of Bethesda, 
the contacts of the massive and schistose granite 
are sharp, suggesting that the massive granites 
are intruded into the other. At Fourmile Run, 
above Arlington, also, a massive granite cuts 
through the beds of schistose granite. These 
more massive bodies may be part of the granite· 
gneiss of slightly later age, or may be of the 
age of the biotite'granite, which is considerably 
younger. 

The disintegration of the granite-gneiss by 
weathering is usually complete at the surface, so 
that fresh rock can be found only on the steeper 
slopes near the stream cuts. After the decompo. 
sition of the felspathic materials the rock becomes 
a crumbling mass. Complete decomposition results 
in a stiff red clay mixed with a considerable pro· 
portion of sand and mica. The deep road cuts 
between Chevy Chase and Washington exhibit 
this process finely. Soils of the granite are light 
and well drained; on moderate slopes they are 
fertile, unless exposed to drought, but on the 
higher Plateau surfaces they are leached and poor. 

Diorite and diOl'ite.gneiss.-There are many 
areas of this formation in the quadrangles. The 
largest extends north and south through Cabin 
John; a second large area passes north from 
Georgetown, and a number of sman areas are 
scattered over the Piedmont Plateau, most of 
them being north or the Potomac. The greater 
part of the formation consists of diorite which 



contains a large amount of hornblende. ASSOCia,] which can only with difficulty be distinguished I layers and zones of extremely schistose material, I especially of the Lafayette and Chesapeake forma­
ted with this and classed in the same formation_is from the more basic varieties of diorite-gneiss. such as occur in ,the gmnite-gneiss. On account tions, which extend locally to and over the crys­
a,series of, ~uartz.diorites ~nd hOfl:hlende-granites. The unweathered gabbro is a dense black roc.k : of t?e distinctness of the biotite particles, however, talline .rocks. The two members of the Columbia 
'Ihe gramtlc aspect of thIS rock IS perhaps more - of granular texture and extreme toughness. ThIS I theIr parallel arrangement appears to be more, formatIOn cover terraces in the larger valleys, the 
prominent south of the Potomac than it is north weathers into round bowlders and lumps with decided. The microscope rev'eals the process of I earlier deposits being on the higher terrace. 
of the river. The different varieties are closely dark rusty surfaces. The color of the metagabbro fracture and recrystallization into new minerals. 
associated with one another, sometimes in the when fresh is a dark olive green, and it becomes While this rock is well distinguished from most' CRETACEOUS PERIOD. 

same rock mass, and it is quite impracticable to a lighter green 01' greenish gray on decay. Its of the granite·gneiss by its coarser grain and! Potomac fOr11UZtion.-This formation occupies 
represent them separately on the map. The igne· weatheJ'ed blocks are more flattened and angular lighter color, yet its resemblanee in both these I the surface over a wide area in the Washington 
ous nature of the formation is sho\\'n by its inter· than those of the gabbro, on account of the respects to some of the less schistose parts of the: district. In the terraces along the Potomac and 
nul composition and structure, as well as by the schistose partings. The dark-red and brown clays granite.gneiss suggests that the two might have Anacostia rivers it is overlain by the Columbia 
inclusions of foreign fragments and the eruptive of both a1tered and unaltered varieties form soils had a common origin, but since this granite plainly' formation, and in the high terraces west of Alex. 
contacts which the smaller bodies form with adja. which are deep and rather heM"Y, but strong and cuts through the other formations this probably andria and in the northern portion of Washington 
cent rocks_ Inasmuch as the diorite cuts through fertile. is not the case. The eruptive nature of the gran· by the earlier member of that formation. To the 
the Carolina gneiss and the granite-gneiss, it is Pel'idotiteand pY1'Oxenite.-In this district small ite is evident from its relations to other formations. eastward it passes beneath the later Cretaceous 
the youngest of the three. areas of highly metamorphosed rocks-soapstone At many placei'l, and especially along the electric and Neocene formations. It lies directly on the 

The diorite is a massive greenish.gray or black and talcose schist-occur, which are probably railroad cuts west of Rock Creek, there are admi- eastward.sloping -floor of crystalline rocks. Along 
rock which becomes lighter colored by,,,eather. derived from pyroxenite and peridotite. Similar rable exposures where the granite has been forced its western edge it extends far ¥lestward along 
ing. Near the borders of the large diorite bodies rocks of like origin occur in other areas of the into the diorite and granite.gneiss. Inclusions of the higher ridges, but has been eroded from the 
the rock is more basic and contains a greater pro· Piedmont Plateau. None of them form large diorite are contained in the granite. Similar crystalline rocks in the intervening channels. 
portion of hornblende. This preponderance of bodies and their outcrops have a lenticular shape. eruptive phenomena characterize the eastern West of its main edge there are a number of thin 
hornblend-e occurs in most of the smaller areas of Their close association with the eruptive rocks, boundary between the granite and the granite- outlying areas of the formatioo, which have been 
of the formation, and seems to be due to the especially the basic ones, suggests a like nature gneiss. disconnected by erosion. The largest masses are 
proximity of the adjoining formation. With an and age for them all. After long exposure to weather this granite in the ridge west of Rock Creek and in the high 
increase of hornblende the green color is more The present composition of these rocks is largely becomes a crumbling mass of quartz, mica, and lands west of the earlier Columbia terraces, west 
pronounced, while in the granitic varieties the the result of metamorphism during deformation, disintegrated feldspar. 'fhe weathering process of Alexandria. These outliers are overlain to a 
predominance of feldspar and quartz gives a which was specially active in rocks of their origi'

r 

extends to great depths, so that fresh rock can be greater 01' less degree by the outliers of the 
lighter.gray color. The minerals composing the ual composition. The soapstone, consisting chiefly seen only neat' stream gorges and in deep cuts. Lafayette formation. The slope of the crystalline 
diorite are plagioclase, hornblende, biotite, and a of impure talc, was probably derived from pyroxe· The granitic texture of the disintegrated rock, floor averages about 110 feet to the mile, and the 
little quartz and orthoclase. In connection with nite, composed of plagioclase and pyroxene. Rocks' however, shows in most places not far below the thickness of the Potomac formation amOllnts to 
these, rutile, sphen(', and epidote are not infre- of more complex original nature are perhaps rep· surface because of the resistant nature of the 1350 feet where it passes beneath the Matawan 
quent. These minerals occur in erystals of resented by the talcose schists. Soapstone masses quartz and biotite. A yellow or brown sandy clay formation east of Anacostia. The component beds 
medium size, and their texture is very uniform: are common around the gabbro areas, and many results from eomplete decomposition. Soils on of the fonnation abut against the crystalline 
throughout large masses. I intermediate rocks indicate origilml transitional this formation are loose and well drained, but are! rocks and the lowest members are those at its 

Metamorphic action has produced the same forms between the two types. liable to wash in steep places. In no plaee do base farthest to the east. Higher beds overlap 
structures in this rock as in the granite.gneiss. , Very little effect is produced by weather upon they exhibit any special fertility. westward, but the westernmost portions doubt· 
The commonest of the secondary minerals are these rocks. Theil' lumps and ledges, mingled CO.AS'l'AL l'J,AIN AlmA. less are far below the top of the formation aH 
hornblende, biotite, and chlorite_ By their par· , "",ith a stiff, yeUow or red clay, strew even the originally deposited. 
aUel recrystallization the rocks have obtained a I most deeply decayed surfaces. These soils are of Geneml 'relations. - The materials of the The Potomac deposits are mainly clays and 
marked gneissoid aspect. The hornblendic and, very little value even where they are of consider. younger formations about \Vashington are, as sand, both in separate masses and in all propor­
chloritic schists and gneisses thus produced are able extent. has already been stated, mainly sands, clays, tions of admixture. The formation varies greatly 
most noticeable in the small diorite bodies, and Gr·anite.-Three classes of granite occur in this 10ams, gravels,: diatomaceous clays, and marls. in character throughout, hut the variations are so 
along the borders of the large masses the most i area. The most prominent kind is that already They are comprised in nine formations, which: irregularly distributed and distinctive outcrops 
basic, chloritic portions strongly resemble the' described under" Granite.gneiss;" a second is rep· extend in age frbm early Cretaceous to the present I are so few that it bas not been subdivided on 
metagabbro which lies in the adjoining areas. resented by a series of granite dikes which cut the time. Each of the formations, except one, repre·1 the map. The basal and marginal portions are 

Inasmuch as a large portion of this formation Carolina gneiss here and there throughout its sents an epoch of submergence and deposition i usually coarse arkose sands containing decompos. 
lies near the Potomac River and the large creeks, area; and a third variety, less schistose and mica· which foUowed an interval of uplift and erosion. ' jng feldspar, mica flakE'S, quartz, quartzite, and 
fresh rock is frequently seen; on the uplands, ceous, occurs in a belt running north from George. The names, general characteristics, and dates of clay pebbles. These pebbles, at the contact with 
howeveJ', decay is deep and outcrops are yery rare. town. I the formations and a brief statement of the nature I the crystalline rocks, are often cemented by limon. 
The mo.re basic diorite breaks do-.,.Yn by disinte· The granite dikes are of frequent occurrence in of the erosion inte.l'valS are given in the following, he into irregular conglomeratic masses a few 
gl'ation of the hornblende and feldspar, producing the gneiss, but they are not of sufficient size to be table. The sequence in time is obtained by read· inches in thickness. Quartz pebbles are usually 
spheroidal masses, ,,,,hich finally crumble into represented on the map. Their eimilarity in com· , ing from the bottom upward. sprinkled through the sands, and sometimes con· 
sma,ll bits. Complete decomposition produces a position to the third type of granite suggests a 
brown or brownish·red clay, 'with light, strong, similar age. They vary from a few inches in thick· 'l'able of formations and ~r08ion intervals for the Coastal Plain deposits. 

and fertile soils. The more quartzose diorites ness up to 10 or 15 feet, and they cut very irregu. 
and hornblende.granites of the formation produce larIy through the Carolina gneiss. In color they FonnationKaIl(1~I'OSionIllterva18. 

in the end clays and soils of the same character, I are a very light gray, weathering out almost white. 
with a larger proportion of quartz grains. In the! Quartz and orthoclase feldspar make up nearly POS'l'-COLUMBIA. 

intermediate stages of decay, however, the sphe. ' the whole body of the rock; plagioclase feldspar i!:1'osinJi, interval. 

roidal form of weatherlng seldom appears, the' and muscovite are usually present in very small LATJtR COLUMBlA. 

disintegration proceeding uniformly through the amounts. Variations in grain are considerable, Erosion interval. 

rock. The hornblende·schists and gneisses yield and the rock is in places almost a pegmatite; in EAR[.Ilm COLUMBIA. 

most slowly to weather, and give rise to large other places its crystals can bal'ely be seen by I Erosion fnten·al. 

quantities of slabs and flakes of little·decayed the unaided eye. The products of this rock which LAFAYJtTTR. 

rock scattered through the residual clays. The result from metamorphism and weathering are of Ji,'rosioJi, interval. 

final products of clay and soil are practically the small importance, owing to its limited extent. 'CHESAPRAKK. 

same as for the preceding varieties: II The third type of granite is exposed in two JiJrosion interrJa[. 
Gabbro and metagabbro.-Three areas of little· belts in the basin of Rock Creek; its character is PAMUNKHY. 

altered gabbro appear in the quadrangles. "lith I well shown in the quarries on Broad Branch. The ETo.~ion intej·val. 
the largest of these, northeast of Cabin John, is rock is a moderately coarse aggregate of quaJ'tz MOXllOIJ'l'H. 

associated an area of much-altered gabbro, or I and ort.h. oelase, with some plagioelase and biotite. MATAWAX. 

metagabbro. Gabbro is a massive rock of a gen· It is very siliceous, and the scattered -flakes of ErosioninteTval. 

erally dark-gray or black color. It consists of biotite do not take away the marked light color POTOMAC. 

plagioclase, hypersthene, diallage, hornblende" produced by the excess of feldspar and quartz_ Grcat crOlJ'ion intcrval. 

muscovite, and apatjte. In: the alteration to I The biotite is very noticeable, however, on account 

1- I 
Alluvium (mainly below tide water), marsh, talus, and dtibl'is on slopes. Recent Pleistocene. I 

Later Pleistocene. I Di~section of later Columbia terr~es and development of present 
topography. 

Gravel~ and loams on lower terrace~; maximum thickncSJ:l, 25 feet. 

'l'renching of earlier Columbia terraces. 
Gravels and 10alllS on high terraces; thickness, 20 feet 
Tren(lhing of Lafayette plain; development of outlines of present 

topogl'"aphy. 
Gravels, sa)](]~, and iOaJJJs on cxtensivo plain: thickness, 20 to 30 feet. 
Widespread (l.nd relatively cOlllpletc planing on Coastal Plain and 

Piedlllont region. 
}'ine bn:II sandE, clays, and diatomaceous deposits; thickness, 0 to 80 feet. 

Planing of surface of preceding formations. 
Glauconitic sands and marls; thickness, 0 to 120 feet. 

Planing of surface of preceding formations 
Brown sand!!; thickness, 0 to 2G fect. 
Black argilla!Jeous carbonaceous sands: thicknC~H. 2 to 30 feet. 
Planing of sm1'ace 01 preceding formations, with deposition of Magothy 

formation to tht' llol1:heast. 
Clays and sands; tWekness, 0 hI 650 feet. 

Early Pleistoccne'l 
Early Pleistocene. 
Early Ploistocene. 

:::e:~:i?:tocene'll 
Pliocene. 

Miocene. 
Eocene. 
Early Eocene. 
Later Cretl.l,eeous. 
Later Crcitweous. 

Early Cretaceous. 

FIG, l._GENERALIZED NORTHWEST-SOUTHEAST CROSS SECTION THROUGH WASHINGTON. 

Shows the relations of the Coastal Plain formations, and the arrangement of the terraces. NI, Lafayette formation: Pec, earlier gravels of Columbia formation: 

metagabbro nH::tamorphis~ u~ the rock 'Nas exten· of the large si:t.e o~ its flakes and its contrast w.ith I . The general stl'.uctural relatio~s of these forma-I stitut~ small local lenses. The marginal sands 
sive. Partial recrystallIzatIOn produced green I the color of the rest of the rock.. ,"Veathermg tlOns are shown III fig. 1. It WIll be seen from contam streaks of finer sands and sandy clays at 
hornblende from hypersthene and diallage. The, reduces the color of the rock to dull light gray. this generalized section that all but the two 'I some localities, and in rare instances these clays 
secondary minerals are mainly hornblende, chlo- ; A gneissoid stru~tu:e marked by paraJlel younger ~edimentary form~tions constitute a ~at extend to. the crystalline rocks. North .of rrakon;ta 
rite, and biotite j to these are added more siliceous I aJ'l"angement of the bIOtIte flakes has been devel· wedge lymg on an east.slopmg -floor of crystallme,' the margmal beds are sandy clays wlllch eontam 
products, such as secondary quartz and feldspar. ' oped to a considerable degree in this roek. The rocks. They are arranged in widely extended I large amounts of quartz fragments and pebbles. 
In the final stages of alteration other less common! structure is not so well developed as in the sheets which lie oue above the other and· diP: There are many_ extensive exposures of the sands. 
minerals appeal', such as epidote, zoisite, garnet, adjoining granite·gneiss, for the separate biotite and thicken to the southeast_ The formations, The notable exposures are at the head of SIXteenth 
and rutile. The minerals have a decided paral~ell flakes are only approximately parallel and li~ i.n come to the surlace i~ succe~sion to the west ~nd I street, northwest '~ashi~gton j in old excav~tions' 
arrangement, and the rock is a F1chist or gnel~s rather wavy l)lanes. Nor does the rock exhIbIt, northwest, but there IS conSIderable overlappmg, for a branch electrIC raIlroad to the east SIde of 

Washington. 
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the Zoological Park; at Arlington station, on I The deposits cousist or moderately fine beach I deal'_ In the region adjoining the vVestern Branch 
Fourmile Run; on the Ridge road, and on Pierce sands containing much carbonaceous material, and the Charles Branch there is, near the upper 
:Mill road, just west of :Mount Pleasant_ At the clay, small flakes of mica, and occasional sprink- ' part of the formation, a thin layer of pink c1ay, 
last-mentioned locality there is an especially lings of glauconite_ On weathering its color "'ivhich is exposed in many stream and road cuts, 
heavy bed of gravels and bowlders at the margin lightens to a dull gray, quite distinct from the notably near Upper l'tbrlboro. Underlying UppeI' 
of the formation. The marginal sands merge warm brownish or greenish-gray aspect usually ~farlboro and extending for some distanee llP the 
upward and eastward into clays and finer sands_ presented by the ,"veathered Pamunkey beds_ valleys of the "Yestern and CollingtuJl hranches 
In Virginia they give place to dark-green a~d The thickness averages about 80 feet, but there is a silicified bed of marl which lies about, 
brown, sandy, laminated, fissile clay, "'ivhich extends decreases to 4 feet in Good Hope Hill, and the 175 feet below the pink clays. It is a very hard 
continuously through the center of the area and material is there very argillaceous. It is sharply' rock containing wany shells. Its thickness varies 
is locally a well-defined series. This series is demarked from the Potomac clays and sands by from 4 to 7 feet. 
finely exposed in the cuts of the Pennsylvania its dark color and very different composition, and The thickness of the Pamunkey formation 
Railroad north of Franconia_ In the Distriet of there are many exposures of its basal contact. It increases from a feather edge on the eastern side 
Columbia and Maryland the marginal sands give may always be distinguished from the overlying of Good Hope Hill to at least 150 feet at Upper 
place to heterogeneous mixtures and alternations Pamunkey beds, unless the exposure is deeply Marlboro. As its base passes below tide level to 
of light-colored clays and sands, which continue weathered. the southeastward and its depth is not precisely 
to the eastern outcrops or the formation_ Cla.ys The l\Iatawan deposits contain abundant casts knoWll, the maximum thickness could not bf' 
and sandy clays predominate, especially in the and impressions of molluscan fossils at every determined. In the region east of 'Voodmoor 
region east of the Anacostia Uiver, and the purer locality, and several exposures have been found the amount is 100 feet; west or Collington it is 
sands are in lenfles of no great extent_ Clays pre- in which the shells remain_ The most notably of not o\"er 60 feet. 
dominate in the upper memhers to the northeast. these are in the gullies a mile north-northeast of 
The sands are uswtIly white or gray, are often Oakland and a mile due southwest of Brightseat_ 
cross bedded, and vary from moderately coarse They were also found on the east side of the Fort 
to fine. The clays present a great variety oJ Foote ridge and on the opposite side of Broad 
colors, of which buff, white, pink, red, gray, and Creek, near the line of the southem border of the 
yellow are the most common, but occasional East "Vashington quadrangle_ Excellent expos­
masses of dark carbonaceous clays and ligniteEi ures in which only casts occur may be observed 
occur_ The colors are banded, mottled_ and in a large guUy neal' the road 2 miles southvirest 
reticulated tbrough the clays, and mottling and of Grimesville; in many gullies along the 
frequent alternations of color are general. The em side of the high plateau north of Oakland, 
cuts of the Pennsylvania Railroad from neal' and in many road cuts from Buena Vista to the 
Landover to Bowie afford many fine exposures railroad cut at Collington_ On the road leaaing 
of the clays, and they outcrop widely in the from Good Hope to Twining there is an exposure 
adjoining region. In the Baltimore and Ohio Rail- of the attenuated western edge of the formation 
road cut near Rives there are extensive exposures lying on Potomac gray sands and overlain by 
of clays and a lignite bed, of somewhat lower a thin eroded edge of weathered Chesapeake 
horizon in the formation than those eastwal'd, deposits. 
About Petworth and at Terra Cotta and Lamond Monmouth f'm·mation.-A small area in the 
there are lenses of nearly pure clays bearing iron northeast eomer of the \Vashington quadrangles 
ores, inclosed in sands not far ahove the crys- is occupied by the Monmouth formation_ It 
talline rocks. rrhe Potomac members immediately extends into the area from the eastward and thins 
underlying the J\btawan formation are mainly out in the hill slopes about 2 miles west of Col­
very pure clays of bright pink or buff colol', but The material is brown sand of moderate 
in the northern side of the ridge between Anaeos- fineness_ Its greatest thickness, which is in the 
tia and Oxon Run there is 10cal1y an intervening vicinity of Collington, is about 25 feet_ It appears 
lens of moderately fine-grained sands_ This sand not to be sharply separated from tlle underlying 
contains thin streaks and smalf balls of pure gray Matmvan formation, but in fresh exposures it is 
clay and a few scattered quartz pebbles. It has a seen to have unconformable contact with the 
length of about 2 miles and attains a thickness of overlying Pamunkey formation. 
70 feet_ Below and laterally it merges into clays_ 
Fossil plants, mainly tree trunks in a Iignitized 
condition, occur in some of the clay beds of the Pamunlteyformation.-'l'he Pamunkey deposits 
Potomac formation in the Washington district. occupy a wide area east of "Vashington, where 

In the northeast corner of the 'Vashington they are in greater part overlain by the Chesa­
quadl'ftngles there are several thin, discontinuous peake and Lafayette formations. They appear at 
masses of sands and brown sandstones lying next the surface over a wide area extending from Upper 
below the Matawan formatioIl, which may he Marlboro to beyond Collington_ In their unweath­
regarded as representatives of the Magothy for- ered condition the beds are a bluish- or greenish­
mation, but the evidence is not sufficient for black marl, consisting of moderately fine sand 
mapping them as distinct from the Potomac mixed with more or less carbonate of lim!':', organic 
formation. They are sharply separated from matter, clay, glauconite, and molluscan shells_ 
characteristic Potomac clays, sands, and. white There is considerable local variation in composi­
sandstone by a clear unconformity, and are tioo, and all the above-mentioned ingredients are 
strongly demarked from the overlying Matawan not everywhere present, nor present in equal 
beds_ The maximum thickness is about 20 feet. amounts in all the beds_ On drying the color 
The more conspicuous exposnres are in the hills lightens somewhat and the glauconite shows as 
a mile east of Glenndale station and in the cut clear green grains. On weathering the material 
of the Pope Creek Branch 2 miles north of Col- becomes gray, buff, or reddish sands, and in the 
lington. The greater part of the material is a region drained by the upper waters of the West­
brO\vn sandstone containing scattered pehbles and ern and Collington branches, where it is not 
coarse laminated sands of light color_ The cut protected by the Chesapeake formation, this 
north of CoIlington exhibits the iITegular uncoo· weathered phase is general. The weathering has 
formable contact with the Potomac sandy clays, been attended in most cases by secondary deposi­
with sharp separation of materials, and the reIa- tion of oxide of iron (limonite), in crusts, nodules, 
tion to overlying partly weathered Matawan and reticulating streaks. 
beds is plainly exposed a few feet above and to The fresh glauconitic marls are frequently 
the south v,rard_ exposed in the many gullies leading out of the 

Matawa;n formation.-'1'he narrow outcrop plateau region east of the Anacostia and Potomac 
of this formation extends diagonally from near rivers, and they usually contain an abundance of 
Collington southwestward across the eastern half I fossil shells of about fifteen Eocene species. The 
of the East Washington quadrangle_ It extends most noteworthy exposures of these fossiliferous 
for some distance down the depressions of the i marls are north of Oakland, south and east of Seat 
headwaters of the Western Branch and occurs at Pleasant post-office, along the lower branches of 
scattered points in the Oxon Run and Henson I Henson Creek and of Oxon Run, and along the 
Creek valleys and their branches_ Near Colling- Western Branch for several miles above Upper 
ton the formation is succeeded by the Monmouth Marlboro_ One of the best exhibitions of the 
beds. At all other places, except in Good Hope' contact relations with the Matawan formation is 
Hill, where there is an overlap of the Chesapeake in a road cut a few miles south of Buena Vista 
the l\Tatawan is unconformably overlain by the crossroads, where the hasal Pamunkey beds are 
Pamunkey formation_ It lies unconformably! pebbly for a slight thickness. Often, however, 
upon an irregular, eastward-sloping floor of Poto- , there is considerable Matawan debris in the bot_ 
mac formation. I tom of the Pamunkey and the separation is not 

Chesapeake formation_-The sand and clays of 
the Chesapeake formation occupy the greater part 
of the high plateau southeast of \Vashington. 
Most uf its area. has a capping of the Lafayette 
formation. The formation is abruptly cut off by 
the Potomac and Anacostia valleys in the high 
bluff east of "Yashjngton, but small masses remain 
under the Lafayette gravels in the outliers of the 
higher terrace level at Soldiers Home Park and 
between Georgetown and Tenley_ To the east 
the formation lies on the Pamunkey formation, 
but near the Anacostia River it overlap>! on the 
Matawan, and north and west of \Yashington it 
lies on sands of Potomac age_ 

The Chesapeake materials are mainly very fine 
sands with variable proportions of diatomaceous 
remains and clay_ In their unweathered condi­
tion the beds are usually very compact, dark gray 
to olive green in color, and massively bedded. 
Surface outcrops consist of soft, mea.l-like sands 
of gray or buff color, often with fine laminations, 
brought out by narrow, discontinuous, darker­
buff streakings_ Diatomaceous remains are nearly 
everywhere present and are important constit­
uents of the formation. The beds containing a 
large proportion of diatomaceous remains are 
usually of very light weight, pale-buff color, and 
chalky texture_ Some clay beds oc<:ur, notably 
in the eastern part of the District of Columbia_ 
They are in greater part very dark olive green in 
color when wet, but weathel' to dark-gray tints. 
The light-colored, soft sands are also conspicuous 
in the same region, but these predominate farther 
east, where they are often finely exposed in road 
cuts in depressions_ The outlying areas west and 
north of \Vashington consist of buff-colored, finely 
laminated, meal-like beds and contain relatively 
little clay and but few diatom remains. 'l'heyare 
overlain by the red loam gravels of Lafayette 
age, which are finely exposed in contact at several 
points_ The formation is usually fossiliferous, 
but in this vicinity the remains are casts and 
impressions so far as observed. Very hard, sili­
ceous concretions, sometimes several feet in length, 
oecasionally occur in the formation in the eastern 
portion of the region. 

In the basal portion of the Chesapeake beds 
there are usually a few inches of gray gravelly 
sands lying directly on glauconite ~arl of the 
Pamunkey formation, and there are similar beds 
at the contact with the Matawan formation in 
Good Hope Hill and with Potomac deposits in 
the outliers west and north of Washington. In 
some of the basal beds east of \Yashington there 
are bones and pebbles of Eocene and Cretaceous 
fossils. The plane of demarcation between the 
Chesapeake and underlying formations is always 
conspicuously sharp_ It gradually slopes upward 
from 100 feet about Upper Marlboro to 240 feet 
in Good Hope Hill, 270 feet at Soldiers Home, 
and 320 feet at Rock Creek. The thickness 
gradually increases eastward, amounting to ahout 
100 feet at Upper Marlboro. 

The most instructive exposures of the formation 
are in road and stream cuts about Upper Marlboro, 
at intervals around the northern and western face 
of the high plateau to Good Hope, in the upper 
part of Petworth, and in road cuts half a mile 
west-northwest of the Naval Observatory. 

Lafayette formation_- This formation covers 

the wide, high plains southeast of "",Tashington 
and ca.ps the elevated area at Soldiers Home, the 
ridge extending fmm west of Georgetown to 
Tenley, and a nUlllLer of hills un the Piedmollt 
Plateau west of Alexandria. There are sen:~l'1l1 

very small outliers possibly of this age about 
Brightwood and Takoma. East of the Potomac 
and Anacostia rivers, about Soldiers Home Park, 
and for some distance west of Georgetown the 
formation lies on the eroded surface of the Chesa­
peake formation; rarther west it lies on the 
Potomac formation and overlaps on the crystalline 
rocks. Its base is a plain which -rises gradually 
from an altitude of 170 feet in the Upper Marl­
boro region to 300 feet nearer 'Yashington, 400 
feet in the high ridges west of Alexandria and 
TenIey, and 500 feet in Peach Grove Hill. This 
plain was originally contiuuous over the entire 
area of the Washington quadrangles. The depos­
its consist mainly of quartzite gravel aud loaws_ 
The basal and marginal beds are in larger part 
coarse gravels and bowlders, usually stained buff 
or dull orange superficially and packed tightly in 
stiff loam and s11al'p sand_ They generally merge 
upward into a few feet of orange 10ams, which 
constitute a fairly distinct member in all the wider 
areas. Eastward toward Upper Marlboro the 
gravels gradually decrease in size and the forma­
tion consists largely of buff loams iITegularly 
streaked with gravel and coarse sand and contain­
ing Chesapeake sands_ The thickness averages 
about 25 feet, but locally in the region southwest 
of Centerville it amounts to 40 feet_ The most 
extensive exposures of the formation are in the 
gravel pits at Good Hope and near Suitland, Oak­
land, and Forestville, about the northern end of 
the Soldiers Home Park, aud along the rrenley, 
Loughboro, and Ridge roads_ The formation dif­
fers frow the earlier and later Columbia deposits 
by the more homogeneous character of its gravel 
and bowlder heds and by its location on the 
highest terrace of the Coastal Plain_ 

Columbia. f01'mation.-The higher terraces of 
the Potomac, l{ock Creek, Anacostia, and Patux­
en~ valleys, which gradually decrease in The earlier 

altItude from 260 feet on the west to Cuillmbia 

100 feet on the southeast, are occupied member_ 

by the earlier member of the Columbia formation_ 
These terraces are most extensive west of Alex­
andria and in Mount Pleasant and the adjoining 
upper portions of the city of Washington_ Along 
the slopes east of the Anacostia River, in the 
Potomac gorge, and in the Rock Creek depression 
the terraces have been cut away in greater part 
by the erosion of many small streams by which 
these slopes are intersected, but numerous small 
gravel-capped areas remain and indicate the origi­
nal continuity of the formation in these areas_ 
The earlier Columbia deposits consist of gravel, 
loam, and sand, and present somewhat more 
diversity in structure than is found in the later 
Columhia member_ Usually there are basal 
gravels which merge upward into loams or sands. 
The basal beds generally contain a heterogeneous 
mixture of pebbles, bowlders, and subangular 
fragments of quartzite, quartz, and cl'ystalllne 
rocks, and more or less of the material on which 
the deposit lies. The materials vary from very 
small pebbles to masses 3 feet in diameter. They 
are usually not assorted and often lie with their 
larger diameters perpendicular. The proportion 
of quartzite is considerably greater than in the 
later Columbia member. The overlying loams 
vary in composition from very clayey to very 
sandy, and generally have less of the rich buff. 
brown tint which characterizes the later Columbia 
loams. Irregular streakings of clay and of sand 
are not unusual in the thicker masses. On the 
deeply eroded areas and smaller terraces the for­
mation is usually represented by quartllite-gravel, 
sometimes in a discontinuous sprinkling over the 
subterrane. At the hea.d of Sixteenth street, in 
the northwestern part of 'Vashington, there are 
two series of loarus and gravels,_one upon the 
other, but this is a local feature which has not 
been obsened elsewhere_ There is also a con­
spicuous streak of pinkish sandy clay in the for­
mation in that vicinity, and several large subangu­
lar masses of quartr.ite and crystalline rocks_ A 
mile south of Anacostia a considerable portion of 
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the lower beds of the formation is consolidated bluff at Fort Foote both pebble and loam mem- [ clinal amis is that portion of an anticline which I atively little known, and their place seems to 
into a conglomerate with a ferruginous matrix, bers are seen lying on the Potomac clays. In the throughout includes the higbest portions of a have been taken by the countless minor disIooa­

- and the stone was used for part of the high fence Anacostia Valley opposite and above Washington" stratum of the arcb, and away from which the tions of the rock particles. A few have been dis-
at St. Elizabeth Asylum. the formation consists mainly of brown sands with rocks dip on each side. The axis may be bon- , covered under conditions especially well adapted 

In the northern part of the city of Washington loamy and pebbly streak~, but at Washington zontalor inclined. Its departure from the hori. to show unusual structures. In these cases the 
and up tbe valley of Rock Creek the altitude of these sands merge into loams and gravels of the zontal is called the pitch, and is usually very much faults seem to have been produced either during 
the formation averages very nearly 200 feet above typical phase. Along the northern side of the less than the dip. or after the later stages of the folding and meta· 
tide. The terrace rises steeply from the 10'wer gorge of the Potomac above Washington there is In districts where strata are folded they are morphism, inasmuch as they cross the formations 
Columbia plain in the northern part of Washing. a narrow shelf, gradually ascending westward to also frequently broken across and the parts are and the schistose planes rather abruptly. Unlike 
ton and extends through Mount Pleasant to the 145 feet above tide, which is capped at inter\Tals compressed until the arch is pushed up and thrust the usual Appalachian thrust faults, these rarely 
foot of the hills a short distance north of Piney by later Columbia gravels and loams. Up the over upon th~ trough. Such a break is called a have any visible origin in anticlines. 'l'heirplanes 
Branch and along the edge of the Soldiers Home valley of Rock Creek remain several small out· thrust fault. If the arch 1S worn away hy erosion dip at high angles, and for the most part He nearly 
Park. In the region west of Alexandria the liers of later Columbia gravels and loams on frag· and the trough is buried beneath the 6verthrust parallel to the adjoining schistose planes. It is 
earlier Colu·mbia terrace gradually rises along a ments of the 90·foot terrace. rrhe principal one mass, the strata exposed at the surface may all where the two diverge that the faults become 
general slope, with several small steeper terrace is occupied by a portiun of 'the buildings of the dip in one direction. They then appear to have apparent. 
scarps, from 125 feet to 290 feet. On the east Zoological Park. There are two small areas on been deposited ~n a continuous series. About By far the most prominent of the Piedmont 
side of the Potomac and Anacostia rivers it slopes the Pierce Mill road east of the creek, and there the same effect j~ produced by a series of close structures is schistosity. Formations which retain 
from 200 feet on the north to nearly 100 feet in is a very small mass of gravel a short distance folds, all parts qf-'~hich dip in the same direction. their ol'iginal condition unchanged are extremely 
the vicinity of Fort -Foote. In the Potomac gorge below Woodley lane bridge. In Georgetown the Such arrangeIIl~n~s of the strata are termed iso· rare, and frequently the alteration has quite oblit· 
there are small outliers at intervals 3 and 4 miles crystalline rocks are bared except in the vicinity clinal. In fau~ts! such as are associated with the erated the original character of the rock. In most 
west of Georgetown at altitudes of 250 to 270 of P and Twenty.seventh streets and at a few Juratrias area the break was directly across the of the sedimentary rocks the bedding planes have 
feet. The top of the ridge at Georgetown is points near the river side, where the later strata which aB'pear at the surface, and the parts been destroyed by the metamorphic action, and 
capped by the formation, to a moderate thickness, Oolumbia formation remains. upon either siae were moved past each other in a even where they are distinct they are usually less 
at an altitude of 180 feet. Up the Rock Creek rrhe lower terraces of the Western Branch of nearly vertical'd1rection. These dislocations are prominent than the schistosity. In the igneous 
Valley a large number of small fragments of the the Patuxent are capped by gravels and sands of called normal faults. rocks planes of fracture and motion were devel· 
terrace are preserved on the many spurs into the later Columbia member to a point about 6 Folds and faults are often of great magnitude, oped, which, in a measure, made easier the defor. 
which the region is now c'ut, and these are wmally miles above Upper Marlboro. They are underlain their dimensions being measured by miles, but mation of the rocks. Along these planes of 
capped by quartzite pebbles and accHuiUlations in this \oralley by the marls of the Pamunkey for. they also occur on a very small, even a micro· localized motion the original texture of the rock 
of quartz fragments of greater or less thickness. mation. scopic, scale. Many typical Appalachian folds was largely destroyed by the fractures and the 
The altitudes are approximately 200 feet and In the greater part of Washington and in the are to be seen in the Piedmont region. In these growth of the new minerals, and in many cases 
the terrace fragments beautifully define a general Potomac and Anacostia valleys to the east and folds the rocks change their forms mainly by this' alteration extends through the entire mass of 
teITace which formerly extended up this depres. south the Columbia deposits lie on the Potomac adjustment and motion on planes of bedding and the rock. The extreme development of this pro­
sion. At the upper end of this terrace, near the formation. In the region adjoining Rock Creek schistosity. There are also countless planes of cess is seen in the mica·schists and mica.gneisses, 
District line, there is an extensive delta deposit and westward up the Potoma-c gorge they lie on dislocation independent of the original layers of the original textures of which have been entirely 
of crystalline rock debris. the crystalline rocks. In Washington and over a the rock. These are best developed in rocks replaced by the schistose structure and parallel 

In the vicinity of Anacostia and for some dis· wide area in its vicinity the thickness of the for. of an original massive structure, and are usuaBy flakes of new minerals. The planes of fracture 
tance northward there are many very small rem· mation averages from 20 to 25 feet. Of this much nearer together and smaller tban the planes and motion are inclined to.vard the southeast 
nants of the earlier Columbia terrace deposits, at amount usually about three·quarters are loam. on which the deformation of the stratified rocks through most of the Plateau, although in certain 
an altitude of 180 feet, on the long spurs of the The finest exposures are in street and railroad proceeded. In these more minute dislocations belts, chiefly along its eastern and central portions, 
highlands which rise steeply to the east, and cuts in the eastern and northwestern sections of the individual particles of the rocks were bent, there is a prevailingly northwest dip. The south. 
there are also many small outliers in Henson \Vashington; in the vicinity of Rosslyn; at inter. broken, and slipped past one another. Attending easterly dips range from 45° to 90°; the north· 
Creek Valley. vals on the banks of the Potomac, and in the this was a greater or less growth of new minerals westerly dips, from 30° to 90°. 

The most extensive exposures of the formation extensive clay pits between Washington and by recrystallization from the old, a process which The structures ahove described, except perhaps 
are at the head of Sixteenth street, in the cut Alexandria. On Pennsylvania avenue extendedJ is called metam01phism. Most of the new miner· the Juratrias tilting and faulting, are chiefly the 
at the !!louthern edge of the wide terrace of earlier east of the Anacostia River, the Columbia loam als crystallized with tlleir longer dimensions about result of compression which acted most effectively 
Columbia date tbat extends to Mount Pleasant; is finely exposed abutting against an old shore of parallel to the planes on which the motion took in a northwest·southeast direction, at right angles 
in the upper part of the hollow south of Anacos. Potomac sandy clays at an altitude of about 85 place. The usual effect of this action upon the to the general trend of the folds and of the schist· 
tia; along the }."'ort Foote road; in the gravel pits feet. rocks is to cause an easy splitting, or scMstosity, ose planes. The earliest·known period of com· 
on Shuter Hill, west of Alexandria; in old gravel Owing to subsidence now progressing in the parallel to the longer dimensions of the new min· pression and deformation OCCUlTed dUl'ing Archean 
pits for the Southern Railroad just east of Spring. region, alluvium is deposited mainly in tide water erals. time, and resulted in much of the metamorphism 
field station; at Franconia station; at Baileys and is a surface deposit only on freshet plains GENERAl, STRlJOTuRE OF THE l>nm!lONT nATEAU. of the present Carolina gneiss. It is possible that 
Cross Roads, and just south of Rosslyn. The and along small stream valleys, where its presence other movements took place in Archean time, pro· 
gradual upslope of the formation to the west is is relatively transient. Its distribution is not The structures that prevail through most of ducing a portion of the metamorphism which 
due largely to tilting, but in part also to slope of represented on the map, nor are the talus and the ancient rocks of the Plateau are very complex, appears in the other Archean rocks. In the course 
the early Columbia valley. In the regions west wash materials on slopes. Marsh growth has· but they present much the same types, e,ren in of time, compression became effective again, early 
and south of Alexandria and near Rosslyn there kept pace with subsidence over a considerable widely separated districts. In complexity they in the llaleozoic era, and a series of movements 
were some low terrace steps in the floor on which area about Washington, and there are a number are strongly contrasted with the Juratrias rocks took place culminating soon after the close of the 
the formation was deposited and by these it rises of marshes of greater or less size at intervals which occupy a small part of the Plateau. These Carboniferous period. The latest of this series 
from 40 to 70 feet. along the Potomac and Anacostia rivers in the strata are gently tilted and all dip toward the west was probably the greatest, and to it is chiefly due 

The lower terraces of the Potomac Valley and Coastal Plain portion of the region. '1'he exten. at angles of from 10 to 30°. The crystalline rocks the well-known Appalachian folding and meta· 
its larger branches and of the valley of the sive tide marshes of the llatuxent River extend to covering most of the Plateau are tilted at high morphism. '1'he various deformations combined 
Western Branch of the Patuxent are Upper Marlboro and for a short distance above. angles, broken by faults, and altered from their have greatly changed the aspeets of the rocks-
composed of the later member of the ~~~u:ti~ Along the Potomac at Washington a large aJ."ea original condition. Folds are frequent, and the so much so, in fact, that the original nature of. 
Columbia formation, sloping from tide member. has been filled in with material excavated from forces of compression have usually so acted as to some of the oldest formations can be at present 
level to altitudes varying from 80 to 145 feet. the adjoining channel. This is represented as squeeze the sides of the folds together until the only surmised. 
About the city of Washington the more extensive artificial on the map. beds dip in the same direction. In these cases In addition to the force which acted in a hori· 
Columbia terrace levels are at 40 and 90 feet STRUOTURE. the existence of the fold is detected mainly by zontal direction, this region has been affected by 
above tide, and the Capitol is situated on the the order in which the formations occur. Por- other forces which acted vertically, and repeatedly 
western edge of a prominent outlier of the 90·foot Definition of terms.-Those rocks of the Pied. tions of the Plateau in North Carolina and South raised or depressed the surface. The compressive 
terrace. The formation exhibits its typical mont Plateau which were deposited upon the sea Oarolina, however, contain folds of such moderate lorces were tremendous, but limited in effect to a 
development in the District of Columbia, where bottom must originally have extended in nearly deformation that they are defined by the angle of relatively narrow zone. I~ess intense at any point, 
it consists of two members: a lower series of horizontal layers. A similar position was taken the dip as well by the seqnence of the formations. but-broader in their results, the vertical movements 
gravel, which grades upward into ~ brown or buff, by the volcanic formations, which solidified in Faults are not uncommon in the Piedmont extended throughout this and other provinces. It 
massive loam. The gravel is heterogeneous in nearly level beds. At present, however, the beds region, and doubtless many more might be traced is likely that these two kinds of movement were 
character, comprising pebbles, bowlders, and sub· or strata are seldom horizontal, but are inclined if the rocks could be divided into small and dis· combined during the same epochs of deformation. 
angular masses of various sizes, of quartzite, I at various angles, their edges appearing at the tinct formations. '1'wo types of faults appear: r n roost cases the movements have resulted in a 
quartz, crystalline rocks and sandstones, in large surface. In the description of their positions those associated with the J'uratrias basins-nor· warping of the surface as well as in uplift. One 
part of local origin. They are irregularly packed certain terms are used which may be defined as mal faults - and those connected with the folding result of this appears in overlaps and unconform· 
in brown sand or loam and are rarely sorted or follows: and metamorphism of the older rocks-thrust ities in sedimentary formations. 
bedded. They often lie on end, as though dropped The strike of a bed is the course which it would faults. The former are simple breaks directly As was stated under the heading" The general 
by floating ice. Streaks of coarse sands are not take if it intersected a horizontal surface. The across the sedimentary layers, and their planes geologic record," depression of this kind took 
unusual. The loams are often fine, but they arefre. dip of strata is the angle at which they are usually dip at high angles-from 75° to 90°_ place at the beginning of the Paleozoic, with sev· 
quently intermixed with sand and pebbly streaks inclined from the horizontal. A bed which dips corresponding closely to the dip of the schistose eral repetitions later in the same era. They 
and disseminated pebbles. Southward from Wash· beneath the surface may elsewhere be found ris. planes in the underlying older rocks. '1'he dis· alternated with uplifts of varying importance, the 
ington the later Columbia terraces border the ing. A fold or trough between two such outcrops placements due to these faults are comparatively last of which closed Paleozoic deposition. A sim· 
river with widths varying from 1 to 2 miles and is called a 8'!Jncline. A stratum rising from one slight, being measured by hundreds of feet, and Har depression initiated the sedimentation of the 
the materials as a whole become finer. The alti.1 syncline may often be found to bend over and to they are noticeable only where the strata dip at Juratrias, which was in turn closed by an uplift. 
tudes also decrease as the river is descended. In I. descend into another. A fold or arch between small angles and are divided into readily recog· Cretaceous and Tertiary sediments were also made 
this region the lower portion of the loam becomes I: two_ such outcrops is called an anticline._ A syn- n1zed formations. Such faults, therefore, are hard possible by similar depressions, which are more 
finer grained and lighter colored and the basal. elinal amis is that .portion of a syncline along· 1 to trace beyond the J uratrias basin, -although fully discussed' under the heading" Mesozoic and 
beds are mainly below tide level. At Alexandria I which any individual bed is lowest, and toward 1 undoubtedly they exist elsewhere as well. Thrust Pleistocene physical hjstory." 
the lower beds exposed are gray sands, but in the which the rocks dip from each side. An anti· I faults among the highly tilted rocks are compar· Ikplanation of stru()t1l:re sections.-The sections 

Washington. 
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on the Strocture Section sheet represent the strata 
as they would appear in the sides of a deep trench 
cut across the country. Their position with refer­
ence to the map is on the line at the upper edge 
of the blank space_ The vertical and horizontal 
scales are the same, so that the actual form and 
slope of the land and the actual dips of the layers 
are, shown. These sections represent the structure 
as it is inferred from the position of the layers 
observed at the surface_ On the scale of the 
map they can not represent the minute details of 
structure, and they are, therefore, somewhat gen­
eralized from the dips observed in a belt a few 
miles in width along the line of the section_ 
Faults are represented on the map by a heavy 
solid or broken line, and in the section by a line 
whose inclination shows the probable dip of the 
fault plane,'the arrows indicating the direction in 
which the strata have been moved on its opposite 
sides. 

LOCAL S'l'RUCTlJRRS, PIEDMON'I' PLATEAU .ARK.!,_ 

syncline appears in a long belt of surface volcanic 
rocks lying on the older granite and granite-gneiss_ 

No faults of importance are known in these 
quadrangles. Just west of Bethesda the irregular 
arrangement of the formations resembles that of 
faulting, but it ruay also have resulted from the 
original irregularity of the igneous intrusions. 
Small faults, of a few feet, are seen at many plaees, 
chiefly where fresh cuttings expose large surfaces 
of rock. Their disp1acement is not so great, how­
ever, as to affect the areas of the formations, nor 
can they be traced beyond the immediate expos­
ures; cOl18equently they are not represented on 
the map or in the sections. 

The detailed results of metamorphism, the 
m08t important consequence of deformation in 
this area, are given in the description of the sep­
arate formations_ The processes were in general 
along the following lines: The mineral particles 
were changed in position and broken during the 
folding of the rock As the folding went on they 
were fractured more and more. New minera1s, 

The rocks of this area have undergone many especially quartz and mica, grew out of the frag­
alterations in form aud position since they were mente of the old minerals. The new minerals 
formed, and they have been bent, broken, and were arranged at right angles to the greatest 
metamorphosed to a high degree_ The structures force of compression at any particular point. 
which resulted from these changes extend in a Inasmuch as the compression was about uniform 
direction a little east of north, with some varia- in direction o\'er large areas, there resulted a 
tions into a northwest course in the vicinity of general parallelism of the longer dimensions of 
'Vashington_ While it is easy to see that the the minerals_ To this is due the schistosity of the 
rocks of this area have been greatly disturbed, rocks_ IJ! foluing, the maximum motion in the 
and the details of the smaller structures are appar- sedimentary strata was to a large extent along 
ent, yet it is difficult to discover the larger feat- the bedding planes_ As deformation became 
ures of the deformation of the rocks_ One reason extreme, however, other planes of motion were 
for this is that the original shape of most of the forml;ld through the separate layers, just as in the 
formations is unknown, because they are eruptive case of the massive igneous rocks_ In rocks 
and consequently irregular. Another reason is which were already gneissoid or schistose, as the 
that the masses of one kind of rock are so lar'ge, result of previous metamorphism, the existent 
and distinctive beds are so rare, that structures of schistose planes serve to facilitate flexure, as did 
large siz.e can not be detected_ In areas arljoining the bedding planes of the sediments. In the 
this there is more evidence at hand, and it is chie-fly massive igneous rocks there were no planes 
through these outside phenomena that the larger already formed, but they were, developed by 
structures here can be correctly interpreted_ fracture and mashing, and the change of form 

In a broad way the structure of the crystalline expressed in folds was les!? than in the laminated 
rocks of the Washington quadrangles is that of rocks. The schistose, partings are in a general 
an anticline between two synclines_ The anticline way parallel to one another for long distances 
is composed of two belts of maximum uplift, one and over large areaS_ They sometimes diverge 
passing just east of Cabin John, and a second i considerably for short distances around harder 
through "Vashington. The former is perhaps the' portions of the rock, which have yielded less 
more important of the two and can be traced con- under compression, but the influence of these 
siderable distances both north and south. The portions is only local Near the boundaries of 
main synclinal axis of this region passes ju~t east formations, also, they are usually about parallel 
of Great Falls_ A few miles west of this, and to the general contact of the formations, the 
outside of these quadrangles, another large anti- yielding to pressure having been directed by the 
cline appears. West of the Cabin John anticline, differences in strength between the formations_ 
the planes of the schistosity dip toward the west Thus, while the strike of the different formations 
at angles ranging from'75° to 90°_ East of that -may vary considerably-in adjoining areas, yet the 
belt the dips become considerably less, ranging schistose planes swing gradually from one direc­
from 60° at the west to 50° and 40°, and then are tion to another, and there is seldom any abrupt 
again a little steeper in the vicinity of George- change. Effects of deformation of later date, the 
town and Washington. As the formations west records of which are left in the sediments and 
of the Great Falls syncline dip, as a rule, toward topography of this region, are described under 
the southeast, while most of the dips east of that the next heading_ 
syncline are toward the west, this upward-radiating 
arrangement in the vicinity of Great Falls forms 
a species of fan structure. The details of fan 
structure are not fully carried out, as the sequence 
of the forro-ations is not the same on each side. 

The synclines in these quadrangles are not 
well defined, but in adjoining areas, both north 
and south, they are fairly distinct. The syncline 
between Washington and Cabin John is subordi­
nate, and is defined chiefly by the presence of 
anticlines on either side. The principal syncline, 
just east of Great Falls, is marked by small areas 
of the surface flows of basic lava, which now 
appear as epidotic schists in the area north of 
these quadrangles. This syncline is also defined 
southwest of Great Fans by infolded areas of 
sedimentary rocks in the Mount Vernon quad­
rangle_ In the gneiss and schist along the Poto­
mac the great disturbance and deformation along 
the axis- are shown in the close crumpling and in 
the partial destruction of the old schistose planes 
by Dew planes of motion and metamorphism_ 
The eastern syncline is scarcely defined in this 
area, since its axis, which passes east of Washing­
ton and Alexandria, is coyered by the formationf? 
of the Coastal Plain_ Fifteen miles northward 
along this axis a syncline is shown by a basin of 
marble included between areas of gneiss, and at 
the same distance southwest of Washington the 

MESOZOIO AND OENOZOIO PHYSWAL 
HIBTORY. 

The local history of the principal events which 
have transpired in the Coastal Plain province 
since early Cretaceous time is particularly dear 
in the Washington region. Each formation before 
described, excepting the Monmouth formation, 
was the product of a separat~ period of deposi­
tion, and the intervals of uplift and erosion gave 
rise to a variety of characteristic topographic fea­
tures. Most of these features are deeply buried 
under succeeding deposits, which have preserved 
them in their original character, but the youngest 
ones are covered only by thin superficial forma­
tions_ Some portions of the older features are 
now in part bared by erosion_ 

The first _ condition which is now clearly 
exhibited was a moderately steep and somewhat 
irregular shore of crystalline rocks, with the 
water mark located along a northeast-southwest 
line passing a short distance east of W'lShiington. 
The waters of this sea were depositing the 
members of the Potomac forma_tion, of which the 
western edges do not' extend to the surface in 
this vicinity. The Potomac River had not then 
its present course, if it existed, and the relations 
of the surface drainage are not known. The land 
was subsiding, and with every few yards of sub-

sidence the waters encroaehed much farther west­
ward and laid down higher awl higher beds, 
which overlapped in succession in that direction. 
'This condition is indicated by many actual exhibi­
tions of these overlaps and by the fact that the 
dip of tIle members of the Potomac formation is 
much less than the slope of the floor of crystalline 
rocks. The period of Potomac depression was 
characterized by many oscillations together with 
the presence of strong currents in various locali­
ties, which gave rise to the irregular alternations 
of sands and clays, local unconformities, and the 
presence of land areas of greater' or less size and 
duration on ,v-hich an abundant vegetation existed_ 

A general emergence followed Potomac depo­
sition, and the surface of the formation was 
planed, probably in the main by wave action, to 
a relatively flat slope. The amount of material 
removed is not known, -nor how far to the, east 
the ocean shore receded, for the geographic rela­
tions of the land and ocean in those times are 
not clear_ In the next submergence the Matawan 
and Monmouth formations were deposited from 
marine waters, in consequence of continuous sub­
mergence, though probably to but moderate 
depth. \Vhether other later Cretaceous forma­
tions were laid down in Maryland, and Virginia, 
as in New Jersey, and' have since been removed 
by 'erosion, or those northern deposits thinned out 
southward, is not yet determined. rl'he fine sands 
and sandy clays of the Matawan and Monmouth 
formations were deposited in quiet waters con­
taining abundant molluscan life, and the shores 
of the Matawan sea probably bore luxuriant 
vegetation which supplied the carbonaceous 
material of the formation. This condition gave 
place to uplift and planing, as did the preceding 
emergence_ If the later Cretaceous deposits 
extenued southward in large mass, or far into 
Virginia, there was greater emergence and erosion 
in that direction, for the Potomac formation was 
bared and its surface deeply eroded and chan­
neled before the deposition of the Pamunkey sedi­
ments_ The successive overlap of the Pamunkey 
over the Monmouth and the Matawan southward 
indicates tilting to the northward during this 
emergence_ 

Immediately preceding Pamunkey deposition 
there was a general submergence of the Coastal 
Plain region, and throughout the epoch there was 
relatively deeper water over the entire area now 
occTipied by the Pamunkey formation_ The waters 
had an abund'ant molluscan and animal life, and 
the conditions were such that glauconite was 
deposited with the other materials. Then followed 
uplift and planing of ~he entire surface of the 
Pamunkey deposits to an amount of- which as yet 
we have no knowledge. Far to the northeast and 
about Washington these deposits were removed 
and a portion of,the surface of the Matawan and 
Potomac formations was exposed. Then came 
deep and widespJ;"ead submergence and the depo­
sition of the Chesapeake formation_ The fine 
sands and days of this formation, with their vast 
number of diatom remain~, required a long time 
for their de'position, for they accumulated to a 
thickness of at least 800 feet-to the eastward, as 
is shown by well records_ The deposits overlapped 
westward to the crystalline rocks, and probably 
extended over them for BOPle distance. The 
extent of' post-Chesapeake, uplift, amount of tilt­
ing, and- depth of df!gradation are not kno\vo, 
but there waS widespread planing, similar, in 
character to the preceding erosion_ It was dur­
ing P~munkey and Chesapeake times- that much 
of the planing of the ,_Piedmont region was 
effected, but if these fMmations were spread 
far- westward over the surface of the crystalline 
rocks their presen~e retarded erosion for the time 
being. Following post-Chesapeake erosion there 
came a moderate amount' of submergence, during 
which the great sheet of Lafayette materials was 
spread from the Piedmont Plateau far out to sea_ 
The conditions 'Of sedimentation were very differ­
ent from those: of the earlier times, ,as the deposi­
tion of the gravels and sands was largely effected 
by wayes and currents_ At the_ maximum stage 
of submergence the waters extended entirely over 
the WashingtoI!- region to the Mountains west­
ward, but this wide extent was fpr only a 'short 
time and_ the shore liI\e was for s:ometjme not far 
west of _Washingto~_ There was -un,evenness in 

the surface of the deposit-long, wide shoals and 
bars, as along the present sea coast, and the 
presence of these dt'fined the location of the 
pr'esent Potomac awl Anacostia depressions_ It 
was on the emergence of the Lafayette deposits 
that these drainage systems were extended east­
\'lard. In preceding times there had been general 
planing and no development of deep channels on 
the surface of the Coastal Plain in this Jistrict; 
but with post-Lafayette YU,lift the outlining of the 
large features of the present topography was 
begun_ T~ere was a long period of relativt!ly 
rapid uplift, which was somewhat greater in 
amount to the north than to the south_ Wide, 
-flat-bottomed, steel-'-sided valleys were excavated 
in both the Piedmont and the Coastal Plain 
provinces to about 100 feet below the I-,afayette 
plateau. In the vicinity of Alexandria, and possi­
bly elsewhere, there were low terraces_ During 
the uplift a deep gorge was cut by the Potomac, 
and during a succeeding interval of continued ele­
vation it attained a width of about 10 miles in 
the Alexandria region and of 2 to 4 miles in the 
rocks of the Piedmont region. It was on the 
floor of these valleys that the earlier Columbia 
member was deposited during a pause in the gen­
eral uplift. The high terraces about Washington 
were then continuous over/ the entire valley and 
were flooded by wide streams which flowed out 
of the Piedmont region and to the east merged 
into a great ",stuary from the ocean. The most 
important of these streams was the Potomac, which 
carried great loads of gravel and sands. These 
were deposited over the valley bottom, but soon, 
with increased submergence and diminished veloc­
ity 'of the streams, an extensive mantle of loam 
was spread over the coarser deposits. The shores 
were mostly steep slopes, about 100 feet' in height, 
of crystalline rocks to the west, of the Potomac for­
mation to the north and east, and of the Pamunkey 
formation to the southeast. The river and estuary 
waters extended up the valleys of Henson Creek, 
Oxon Run, Rock Creek, and -other similar valleys) 
as long, narrow bays; and northward up the 
Anacostia Valley as a narrow strait which COD­

tinued to Baltimore. A branch of the Patuxent 
estuary extended far north of Upper Marlboro, up 
the Western Bran~h Valley, and probably at the 
time of greatest submergence was connected by 
several narrow channels northward with the strait 
above mentioned. The principal deposition was 
along the main river'vaneys and apparently the 
deposits in the region northeast of Washington 
were thin and compos,ed largely of local materials_ 

After deposition of the ear'lier Oolumbia mem­
ber emergence was renewed, with strong tilting 
from the northwe$t, the streams were revived, 
and the earlier Columbia depo~its were deeply 
trenched and removed over, wide areas, especially 
near the larger streams and where the deposits 
were thin, as in the -region northeast of Washing­
ton_ Along the Potomac River a trench was cut 
within the earlier Columbia trough to a depth of 
about 150 feet where deepest_ In later as in 
earlier Columbia time, the gorge, which at first 
was narrow, was widened, but only about half as· 
far as ,before_ In the_ Potomac Valley' in the 
Piedmont region an inner gorge was ,cut to a 
width of about half a mile, and small "fragments 
of the floor of this occur as a shelf along the north 
side of the river from Washington to Great Falls 
at about 130 feet above tide., At Washington 
the later Columbia valley widened to 5 miles in 
the softer deposits of the Coastal Plain, and there 
were a number of terraces within it having & range 
of about 100 feet in altitude_ It was during this 
time that the steep scarp around the northern side 
of the city was cut, and this scarp was continuous 
along the entire earlier Columbia plain except 
\vhere opened by the Potomac River and other' 
streams. This condition was terminated by a sub­
mergence of moderate amount, and the terrace 
plains were then overspread with the later 
Columbia member_ The later Columbia materials 
in this region are similar to those of the earlier 
Columbia member\ and were also mainly brought 
down by the Potomac River, widened far beyond 
its present she even as far up the gorge as Great 
Falls. The extent of the water at this stage is 
indicated by the distribution of the later Colum­
bia member, although in a few depressions the 
deposits have been more 01' ,less eroded, as in tha't 
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part of Washington along Rock Creek. Columbia I and good color. It is not materially affected by of north, which is about that of the schistosity of Dicitomaceous earth.-The diatomaceous beds 
deposition was discontinued hy the resumption of schistosity, and works out readily in stones of the adjoining rockR, and have a nearly vertical in the Chesapeake formation are sometimes locally 
general uplift, which carried the entire region, moderate size. Some of the beds in the Falls dip. The presence of gold ores in tbis vicinity of sufficient purity for commercial use, but they 
conaiderably above its present altitude. In this I Church area are colored by pink feldspar. In the has been known for years, but it is only in recent are not now worked in the Washington region. 
emergence the Potomac River cut a channel east· Glen Echo quarries schistosity is stronger than in years that systematic developments have been At Lyons Creek wharf on the Patuxent River 
ward through the Columbia deposits to :30 or 40 I the others and renders the stone less available attempted and shafts sunk to any depth. they are dug to a considerable extent. 
feet below the present tide level, and in the Pied. where large blocks are in demand. The rock Soap8ton.8.-There are many deposits of soap· Iron ore.-Iron ore occurs mainly in the Creta· 
mont region excavated the lower gorge from quarried on Broad Branch is taken from the stone and similar materials in this area. The only ceons formations of the Coastal Plain. The loca­
Washington toward Gr~~,t }-"alls. Then fol1owed biotite·granite. It is a somewhat schistose rock, ones of value are the soapstones, which are indio tions of the principal quarries and other excava­
a submergence and flooding of the river channels, but not so much so as to impair quarrying or cated on the Economic Geology sheet. Of less tions are shown on the Economic Geology sheet, 
in which tide water returned to the vicinity of dressing in proper shapes. Its color is light and amount and of no special value are the talcose together with the distribution of some of the 
Washington. This submergence is now in progress permanent and its texture is very uniform. The schists, which are classed with the soapstone on deposits. The Potomac clays contain scattered 
and tide water is slowly encroaching on the land, I rock stands the weather well, and is probably the the geologic maps. All of these rocks are com- masses of carbonate of iron, which were formerly 
except where alluvial deposition and marsh gr01yth I most valuable building stone in this vicinity. posed largely of talc, the hydrous silicate of worked to some extent in the hills east of Branch· 
are keeping pace with the rise of tide level. : Many portions of the granite.gneiss furnish magnesia, and are probably derived from the ville, but the deposits are too meager to be of 

I 
good material for foundations and similar rough metamorphism of pyroxenite and similar forma· value. Farther to the north, however, they are 

MINERAL RESOURCES. work. This stone is schistose and com~equent1y tions. The ta1cose schists contain too much profitably worked. Crusts and concretions of 
not obtained in large masses. It is easy to quarry impurity, particularly chlorite, to be applied to sandy limonite often occur in the Potomac and 

Within the Washington quadrangles there are I and strong. l\lany'portions contain pyrite, which the uses of pure talc, and they are not massive Pamunkey formations, but only in very small 
numerous deposits of possible economic ,"alue. : unfits it for ornamental use. Many of the Illore enough for the ordinary uses of soapstone. Few quantities at anyone place. 
These consist of clay, sand, gravel, and iron ore I massive beds of mica-gneiss are suitable for build· of the soapstone bodies attain large size, that Underground water.-There are several hori· 
in the Coastal Plain, and of building stone, road 1 ing and resemble the more schistose portions of which is found 2 miles east of Annandale being zons of underground water in the Coastal Plain 
materials, soapstone, and gold in the Piedmont the granite mass. They are used locally in the the only large area. One mile east of Tenley formations which yield supplies to artesian wells. 
Plateau. construction of dams and foundations. From is the next largest body, in which are found The principal source is in the basal gravels of the 

Bpiat clays.-The supply of brick clay in the thinner and more micaceous beds flagstones can ancient workings. Similar old quarries appear Potomac formation, on the surface of the crystal­
vicinity of \\T ashington is abundant and a very readily be obtained. in the area east of Falls Church. All of the line rocks. The slope of this floor averages about 
large number of bricks are produced. The clays Roadmatel'ial.-Road material is obtained in bodies, large and small, have been worked to 110 feet to the mile eastward, and it is at tide· 
worked are mainly of later Columbia age, but at abundance from all the formations above men· some extent, usually for local use. East of Annan· water level near the center of the city of Wash· 
the intersection of the Bladensburg road and tioned. The solid rock is only to be obtained dale' considerable developments have been made ington. There are many wells which obtain 
Florida aveJlue there are extensive excm'ations in near the streams, so that for use on uplands trans· ' and much stone has been taken out and sawed; water from this horizon, notably those which 
the sandy clays of Potomac age. rfhe principal portation is required. In these latter situations, I the rock is of even grain, and is free from seams supply St. Elizabeth Asylum, and it has proved 
workings in the Columbia loams are on the west use is made of the quartz veins and their waste, I' and schistose planes. Blocks of good size can be to be an important source of water for the Coastal 
side of the Potomac River between Washington the last rock to be disintegrated. The quartz quarried, and the depoRit has an exposed thick· Plain region. There are Illany lenses of sand in 
and Alexandria , in the extreme eastern and south· i beds consist for the most part of lenses varying ness of over 50 feet. the Potomac formation wllich contain more or less 
ern portion of V\T ashington and just south of from a few inches up to a quarter of a mile in Marls.-The glauconitic shell marls of the water, but they have not as yet been widely 
Alexandria. In the ea:ltern part of 1N aehington length and 50 feet in thickness. These are most Pamunkey formation contain lime and potash in explored. Water may also be expected in tlands 
wide areas have been stripped of a thin layer of frequent near the boundaries of the formation, considerable amount and some phosphoric acid, occurring locally at the top of the Potomac for­
loam for brick making. The upper loam is snit· and are parallel to the schistosity of the inclosing and they should be of great value agriculturally. mation, which furnish the artesian flow at Upper 
able for brick making over the greater part of rock. Quartz is also obtained from veins of less They have not as yet been extensively employed, Marlboro from a depth of 216 feet. As a guide 
the wide later Columbia terraces adjoining the thickness but of much greater length, which cut but at several localities local tests have yielded to the position of the underground waters about 
Potomac River. On the smaller areas along across the schistose planes at a considerable angle. I most satisfactory results. rfhe extent of the Washington, contour lines have been introduced 
creeks and on the terraces adjoining the greater Quartz is the best road material in this region, on I marl is indicated approximately on the Economic on the Economic Geology sheet of this folio to 
part of the Anacostia River the deposit is usually account of its angular fracture and great hardness, I Geology sheet. In the extreme northern portion show the attitude of the Potomac formation. One 
too sandy. Sandy days of the Potomac forma. and its freedom from clay and dust, but it has i of the district, and on old surfaces generally, the set of lines shows the position of its top and the 
tion are often suitable for brick making and they li~tle cementing quality. Gravels from the uncon- marl is often considerably weathered and its value others define its base on the bed rock, so far as 
have been used to some extent. On the wider solidated formations of the Coastal Plain are also is thereby greatly decreased. Usually fresh marl explored. These lines are referred to tide level, 
terraces of earlier Columbia and Lafayette forma- widely used in constructing roads. The coarser may be found by digging below the surface. In but as they are drawn on a topographic map it is 
tions there are many local areas of loam which stones and pebbles can readily be obtained over portions of the area indicated there are overlying very easy to find the depth to be added for eleva­
are available. Other sources of supply are detri· most of the extent of the Coastal Plain in this gravels, saud, or surface wash, but the marl is not tion of the land. The basal Potomac waters are 
tal clays and alluvium from crystalline rocKs, and vicinity. far beneath the surface throughout. In selecting available at moderate depths over a wide area 
river muck. Gold.-Gold occurs in the northwest portion of marl it should be remembered that the portions adjoining the Potomac and Anacostia valleys, but 

:I'erJ'a·cotta clay.-The clays of the Potomac I this district, in several localities near Great Falls. containing the greatest proportion of shells and they lie rather deep farther east. 'Vater has 
formation are often suitable for terra·cotta tiles, These occurrences are part of an extensive belt of dark bottle.green glauconite grains are richest in already been obtained from the basal gravels in 
etc., and they are extensively worked for this use similar deposits extending through Maryland and plant food. most portions of the area, but there is a small 
at 'ferra Cotta, University station, and Lamond, I Virginia along the Piedmont Plateau. In this Sands.-Sands of the Potomac formation have zone in the northeastern quarter of Washington 
on the Metropolitan Branch of the Baltimore and locality the gold ores lie in the much contorted been worked for building use at a number of where its volume is small. Here, however, good 
Ohio Railroad. There are many large masses of gneisses and mica·schists of the syncline just east I localities in Washington and its vicinity. The supplies have been obtained in slightly higher 
terra·cotta clays in the formation, partk;ularly in of Great Falls. The gold is found both associated principal quarries recently in operation are in the Potomac sands at less depth. The higher beds 
the region east of Anacostia River. Theyare with pyrite and in quartz without pyrite. Most hill slope about half a mile south of Anacostia. of water-bearing sands near the top of the forma· 
interbedded with and grade into sands, so that it of the quartz veins and lenses contain gold, and I Formerly much sand was excavated in the vicinity tion are not far beneath the surface in Prince 
has not been possible to represent the clay out· I so do often the adjacent sheets of mica·schist and lof the intersection of North Capitol street and George County, where they furnish the fine flow at 
crops separately on the Economic Geology sheet. I gneiss, the latter being perhaps the richer. An New York avenue, in Washington. The sand Upper Marlboro and satisfactory supplies at other 

Building 8wne.-Many formations in this dis· lore body thus consist~ of a group of layers, quartz underlying the clay at Terra Cotta is worked to points. The stratigraphy of the Potomac forma­
tnct contain material suitable for building, such veins, and country rock. The larger quartz veins some extent, mainly as tempering for the clay. tion is variable and the upper sand beds occur at 
as granite, diorite, granite.gneiss, and gneiss. All can be traced for npwards of half a mile, and Gravels.-Gravels are dug at many localities various horizons and with considerable irregular. 
of these formations have been quarried to a greater possibly extend even farther. 'fhe smaller veins about Washington for use as road material ity of outline. Accordingly it was not possible 
or less extent, but on the Economic Geology sheet may be measured by inches; as one dies out it There are abundant supplies in the Lafayette and to show on the map the precise position of the 
only the larger openings are represented. Diorite may be replaced by another in the same or adjoin. Columbia formations, over nearly their entire I water.bearing beds. The upper set of lines shows 
has been but little used, and then only in the ing layer of country rock, the gold content not extent, and the marginal beds of the Potomac for .. the attitude of the top of the Potomac formation, 
immediate vicinity of the outcrops near George. necessarily stopping with the quartz. Manyevi. mation are often gravelly. About Good Hope, I and in most areas it will not be found necessary 
town and Annandale. The diorite of Georgetown dences of motion are seen in and around the on the Suitland and Bowen roads, are the princi- to penetrate the formation more than a hundred 
is massive and is tough and difficult to quarry and veins, and it is possible that they and the miner· pal sources of I .. afayette gravels, but there are feet to obtain a water supply; while in some dis· 
dress. That from the vicinity of Annandale is more i alization of the country rock result from one many pits for local supply. The later Columbia tricts water·bearing sands will be found at the 
gneissoid and readily works out into blocks. I system of disturbancE'. The vein materials and gravels are dug in the eastern part of Washing· top, as at Upper Marlboro. 

Granite has been quarried south of }-"alls Church, I the ore bodies seem both to have replaced por· ton, and are produced in considerable amount in Description of the Coastal Plain by 
west of Annandale, in the vicinity of Glen Echo, II tions of the country rock and to have occupied the course of street grading. The earlier Colum· N. H. DARTON. 
and along Broad Brauch of Rock Creek. The openings of greater or less size in the country bia gravels are dug extensively in pits on the 
rock is similar in all of the three former localities! rock To the latter class belong the large quartz high hill just east of Benning station, on Shuter Description of the Piedmont Plateau by 
and is taken from less schistose portions of the I bodies in which gold oc~urs with little or no Hill neal' Alexandria, and by the Southern Rail· ARTHUR ~EITH. 
granite mass. It is homogeneous, of even texture, I pyrite. The veins run in a direction a little west road in pits neal' Springfield station. January, 1901. 

W a~hington. 
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