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GEOLOGIC AND TOPOGRAPHI AS OF UNITED STATES. 

The Geological Surw~y is making a geologic map I 2. ContonTs denne the forms of slopes. Since to tJle observer evpry f'haracteristic feature of the I subsides the shore lines of the ocean are ('hat.~ed. 
of the Unit,ed States, which is hein~ issued in purts, COlltOHrR are continuous horizontal l1u(-'::;, tllf'y wind lanuscape. It should guide the traveler; serve As a result of the of dIe 8uriaee, marine sedi-
called folies. Eaeh folio 1m-Judes a topographie I mlOothl:{ about ::omooth snrfaces, Teecde into all the investor or owner who df'sirps to ascertain the of the land, and 
map ami f!;l'ologic maps of It sllwllDf(-'R. of ('olIutl'Y, reentrant of ray.ine~, :lllU in pas:'<ing positioll uud lmrroundings of property; save the o('('upieJ. by such 
together with explanatory and deseripti\"e texts. about These of contour engineer preliminary SUITe.vB in locating road13, rodes. 

THE TOPOGHAplIlC ThBP. 
eurH'S nnd anglt'~ to forms of the landscape elIl be TUilwl1Ys, nIld irrigation reservoirs and ditehes; 
traced in dIe map alld &.::el('h. provide edlH'Htional mat.erin 1 for Bchool13 and homes; 

3. Conto(Jrs ~h01V the approximate gTade of any alld be useful as a nwp for local reference. 

Roeks exposed at the surface of the land arc acted 
air, water, i('e, animals, and jllauts. They 

hrokf'n into and the more 
The feature" represented on the slope. The altitudinal spl-we llPtm'eIl two ('ontoun'l 

arc oft.hree distinct kinds: (1) is tllG HflIlH', whether tiley lip a ditf ill' on It THE GEOLOmC MAPS. 
fa~e, called pl(Jtealls, vallp,Vs, hills, gentle slope; but to n on a gentle I 

and mountains; ealletl tdope ol1e mUHt go on n steep slope, and The maps repl'esenting thp geology show, by 
dIe: tiwrefore ('Oil tours are far apart on gentle slope::; I color", und eOllventional l:iig>IlS printed OIl the topo-

works man, called cltlfl/I'e, as i and neal' together on 8teep OI1<'S. j gTllphie bnsc map, tIlE' distribution of rock masses 
boundariC's, and ('itit's. For a flat or g'ently undulating; country a small' on the f'udilCC of the bn(l, Ilntl the stmcture 
Bdi(f-~\H are llle:lf'ured froUl mean 1 contonr lutf'nal is used; fi)r a stpep or mountain- ' sections show their nnder/:.'ToUll(l rela.tions, as far us 

b,;a leyel. 'TIle ht'ights of many pointl"! arc U('C'U- ~ OliS C'Olll:try a large illt.f,rnll is Thc, known and in such detaillls the )'!cale permits. 
rHtcly dcterrnitwd, and tllOse "hidl ure most smallcf't interyal used on the atlas of the 

Kl~ns OF ROCK8. 
nrc gi veIl on th? map in figures. It is 

the plevation of all parts Rocks are of many kind'l~ On the geologic map 
the outline or form tllf'y l11'e (listinguished as igneous, sedimentary, ;tnd 

10 indicate thpil' grade or Btecp- t11OS(, Colorado, tile may he 2,)0 feeL: metalllorphie. matter. 
is doue h;r liIlf',., f'l1('h of whi('h is tlrllwn For intermediate relief eOlltour illtenals 01' 10, :l0, I )'{Jcl:s.-Thesf' nre roek':l whieh have I l'oclc8.-In the course of time, and 

throu~h pointE of equllI denition above IllPlIll sea 25, ;)0, and 100 f('f't arf' Ill'll'd. . : and eon.,olidated from Il swte of fllsion. : by a variety of pro('e>lsf's, rocks may become ,e:rently 
112\(·1, t.lH' 111tittulinal interral reprel'ellted the: IIrc imlieatetl hy bllle I Through rocks of all molten material Ij()1:i I dWllged in eompositioll und in tcxture. 'Vhen 
"'p~LCe betwcen liJ1(;,., llf'lng tlw ",ume I lines. a stream How~ the !:'ntire .\'f'ur tIH~ line is from t.ime to timp fi)l'ced upward in: the ne\dy a('quirf'd ('h:l1'ueter;sties arc more pro-
eu('h wap. Thmc linps Hre eallpd cOJIfOUr8, thc : drawn unhroken, hnt if the ehannpl is dry <l part. \ fisbures or ehannd" of' yarions .'lIHlpei::l aUtI size8, nounced dU\lL the old OIlP" such TOeks are eatIed 
ullifiJl'lll altitlldiuHl rlf'tween eaeh two ('011- i of thp year the linn i" hrokf'n or dotted. 'YlH-'I'e a II to or to the I'lnrfa('e. l{.(wk., £imlled by: lIu:tuJJwrpl,lc. Tn tlH-' of meLan~01'ph1S1I1_ 
tOUl'", i" called the Illterval. Contours 1llld I i::ltl'('Ulll HiIlk., and reappear" at tbe surnwc, thp >lUp- the of the molten mass within tllei::le I the suh"tUIJ('P8 of a" rock il'l eompol'led may 
clcvut;()ns arp prinkd ill hrmYlI. I posed unuel'gronnd eOllrsf' i" I'lhown bya. hrokpn ~ dllllll1ell'1-tIlat iH, hdow the "llri[\('c-----Hre eulled I eIlkI' , into n~ew ('ombination:,;, ('ert.ain "uh"tances 

The Illannpl' in wJlich conrOlll'." I blue lille. Lakes, marf:>hps, and other hodi('s of I ;ntnl.~i/'('. ,ri:Wll thp ro('k a ti.%lll·C with I mHy he lost, or new substances may be uuded. 
foml, awl grave is S!lUWll ill tilt' wuter are also shown ill hIlle, by appropriflte ('Oll- I ~Jlaral1pf wallH IlW:::l"'; is mllpd a: There is often n complete gradution from ilw pri-
HIld ("ol'rpspondillg contOllr Illap (fif!,'. 1). I Vf'ntionHi I -wlwll filh~ a awl irt'f'gulnr cOllduit I to the llletamorphic fbrm withill a sillgle 
,-_______________ , I works of man, such Hs.rofld8, rail- ! tJlC mASS is tc-rnwd a ''''-hell dIe eonduits for: mass. 8ueh ('hangeR transform sandst.one into 

The I'lketeh 
hills. 

I roads, aud tOWIlS, together with hOllndlu'lPS of town- : molten trawrse ~tnl.tiiictl rocks dley often I qwutzitp, limet'tone into lllar!)lc, and modify otller 
eountips, awl ;::;tat.c:,;, Ill'(' printed in black. sf'ud off parulld bpdding phtnes; , rod,-s in va1'ious 

oft.ht· Ullite<l Htatf's (exdudillg the l'oek mHsseR filling fi&'-Urcs are ealled i From tjme to in geolo/:,ric history i,!!;neous 
/ : A18l'1ka and iSlnIld Pllsspssions) is nhollt :~,O~;;,OOO .~iIl8 or sheds wheu tlJili, all(l (ac('o- 1 and RedinJf'ntary roeks haye bcen deeply buried 

I square miles. ~\..lllap drHwn \ lillis when occup.yin)!; lurgt'r prot/uced by and later ha ve hepn l'<lised to tIle sUl'fuce. In this 
I to tl1f' Rcale of 1 mill) to dIP eover: the force propelling tlw nwgmas llpwa1'<l "-'-itIlill of prf'e:sltrf', UlOVe-

o,020,000 square in('hee: of papPI', and to ueeom- I rock inclOl'lures molten llliltprial ('0018 with their original structure 
modale the map thf' would llped to lllell"nrc II the result that intl'l1!'oin' rodn; arc 
abont 240 by 11-)0 fept. 0[' gronIllI tallinc texture. 'Vllell the the sl1r-
suriiH'e \\ollld be repl'eRPnted a Kqunre inch 0(' I fwf' the moltell mnteriul pouJ'ed ont tln'ough dIem 
llHlp f:iurtheE', and one lineal' 011 th~ t!,'l'onnd I is eaIled {W)((, and la.vns ofteIl build up volcanic 
would lip rppJ'ee:entp(i a linear illch on thf' map. ',mountains. Ip:neoHs rocks thus fOlltlE'd upon the 
This rehltioll hc1wpell in nature all(l eor- I surfaee are eallE'd ('.riJ'111:J1·1'« Lanls eool rapiuly in 
respondi.llg distance on t.hf' map is e,llled tllP .w'ale : tIll' ail', awl a('quire a or, more oihm, It par- I LHminw amJro'omate{Y 
ofthc III tfljS easc it i . ., "llllile to ~1Il inch." I tiaIly el',Ystalline in their outer parts,I'structure 

uwy be pxprf's,.,rd also hy a fradio;l, : hut 'are more fully l!I:'ystalline in their inner POl'- : I;Clt1'sfONil?/. 

of mi('a or 
with their 

thp numenltOl' if' a lengtll on the map I tions. The otHer part8 of laya 110ws As It l'ule, the oldest roeb Hrc most altered 
Hnd tIl<' d(-mOllllnator t.lH-~ ('ol'l'f'l'lpontling If·ngth ill Sxplosi\ e adion and the younger fOl'lnatioIl8 hn\T escapell meta-

in the saBle unit. TIlUs, H8 there e(lu . ..,ing ~j!:'dioll.':l of dust., morphism, tlllt to this rule there are important 
Bre iIl('hps :in a rnil6, the Bcale "1 mile to Thf'R~ materia1:-" 'wlH'n pxceptiolls. 

, un ineh" is pxprpsf'ed by consolidnted, hrf'erias, ulld rORi.\rATlO::"rS. 
Three s('"lil(*, arf' used on atlas sheetc; of the tuff.... Yoleallie f'jpeta may fall in of watcr i 

Oeologicul Rurwy; the smalJc::;t is or may be carried iI;to lakes or seas and f(Jrm: :For llJapping ro('ks of all 
sptiiulf'nturv roC'kt'!. I the arp di~ided 

" 'I·ocks.-Thf'se rocks are II ti(iII.~. A sediment.ary formatioll contains 
ground to an lnch on the nwp. OIl the of the oC ol(ler rock" whi('h have it:" uppel' and lowcr limitH pidler roC'ks of uuiform 

a square incJl of Inap Sllrtilce hrokt'n lip and t.ile of 1\hieh haye heen : dHiraetf'r or roek.'l mon~ or Ipbf:> illliformly varied in 
1i::l from it:l top tmnud the nhout square mile of eart1I sUl'faee; on 8('ale eal'rif'd to a differf'ut. awl deposite(1. I eh1u'adpr, as, for example, a. rapid aItf'maLion of 
the map eavh 1'f'atul'C's ii::l imlieatf'u, directly about 4 "qnart' miles; alld on Lhe beale I The ehiefagent of' tnm:"portation of r()('k debris is shale and limel:itone. "Then tlw from one 
lwneHth its po"itioll in the skckn, hy contours. 16 mites. At the bott.oll! I water in Illotion, inC'luding rain. f"treaml'l, and tk~ kin(l of roeks to anoLllf'r i8 f"OlneLiHlf'" 
The following explanation muy mak~ dCl/l'er th~ sea1p if' expn's;:;ed in three wny.'l- : 'WHter of lake..,; and of tll!:" s~a. The matpl'ial8 are lllf'("f'f'H,U'Y Lo tW9 cOlltiguons fOl'Inntlon:::l hy 
TIlHIlllPl' in which eon tour" tlplineat.e elevation, line miles ~Hld : in part earried a" solid partielf'''1, and tile: an and in some eHseR the d~,'itilletioll 
form, Illld grnde: m'c t.he]) saia to bp lllcehalli(·nl. Suc·b I pntil'd.v on tlw eonif,ine(l f(J.'lsil':1. 

1. J .. eontour illdieates a certain height allore .'lea f:>~nl(l, and ('lay, whidl arp later eonsoli- : 
lcw!. Tn tlliR illustnltion tllC eontou-l' intf'n"ul is illto ('onglolllerute, sHndstoIlP, alld shalf'. III \ either eontuinillg tIle same kind of' igneous 
50 f(,(,t; thel'ef()n~ the contour~ nre drawn <tt 50, smaller portion the materinls llrc earrit'd in solu- I roek OJ' A 
100, luO, antl200 £i'et, uncI so Oll, U])OYP lllPnu Sf'U tion, lind the ~n() then enllf'd if: mt'tnlll()J'pilic eonsil'lt. ofro(,k 0[' tlIli-
le\·d. Along the contonr at. :l,')0 feet lip all points forhlCd with the of life, or chelllical I f(wn dwraetCl' or of rocks lUlving ('OlUmoU 
of t.he Rllrfllee that aee 2i)() feet Hh()n~ :"eft; along I area,'i lire eallpd without the aid of life. The more important rocks ehamdpl'isti('s. 
the eOllt.our at 200 fed, all point)'! thM nrc 200 f('et : the Reale of of chemical and organic arc limcl'ltone, eilert, I "~hPll fiH' S('ielltiiie or economic remmns it is 
aho\Ce sca; und so OIL In tilE' f"paee hetweell any a degrpe of a dpgl'l'e~()f longitllde; eaoll gypBllm, salt, iron ore, pent, i-md coal. Any I dpsirablf' to BIld Hl<lp onf' or more 
two (:ontour" arc fOlllld elevations uboye the lower sheet on the scule contain" Ollc .. fourtJl of It love of t.he d('posits mHY he lbrmed, or : Sf)('eilll1y of It varied formation, 
and lwlow tllp hif!;her contour. Thu8 the contour square each on t.he scale eOll- I t.he different mnt.er-ials nw.\! in I sudl parts fll'e ({/e,ltba.~, or by some other 
at 1;'50 feet fill'lsjust below the of the terl'a~e, : tains of a degree. areas: many ways, produeing a great appropriate t€rm, as Icntil8. 
\vhile that at :WO f~'pt li('s ubove terrace; there- of the eorrespolltling are about 4000,: ~\notber tranf'porting agent is nil' .:iJER OF lWCKS. 
fotc all po:n1s Oll tllP ierru('e ure SJlOWll to he Illore 1000, and :!.')O s(jlwrE' milel:i. I wind; amI u third is i('e in motion, or 
than };iO hut 10",1'4 tll!Ul ~OO t('et <1/)o\-e sell. The The ath-ls shf'dS, parts of one lllap: The lllOSt eharaetPriO'tie of thf' wilHl-horIlc or collHn Gel)logic lime.-The time tile roeks 

hill is Shltcd to Iw (iiO fef't of the Gnited Htates, politieal. houndary deposits i8 10ef'O:, a [jlle-,!!;raillPtl earth; the most clwr-, Wf'rf'- made if' (ii, ided into bt1Jall~r 

lines, sneh ad tllOl'le of SLJ.fes, eonnties, amI town- ' aetel'isti(' of tlpposit)'! i8 tin, H llCterOf.!;pnCOllS tilllf' di'visions are called epochI:J, and still Rmallf'l' 
ships. '1'0 eneh sheet, nnd to the (l'w(lrnngle it. : mixture nwl pchhlf's \\·itll eby or suwL The age of ·a roek js exprcssed by 

nUllllJnred, and tho.'ip the namc of I'lome \\,f'11-known I ~E'dimpntarr rock::; ar~ uSllalhr made of bYf'rs naming time intelTal ill whieh it \,"UB fOl'llH,d, 
being made lwadpr. town or f('alllre within its limits, and at t.he ; or bed8 whi('h'ean be e:lbih" Hq)tl;atpd. lan'l'h whcll known~ 

i::; not to llumlK'r nIl the ('olltours, and sides ana eorners of' end~ sheet the nameR of a(lja- : are called simla. Rock; depol:iited in layers' <ll'(' The l'lE'dimelltary fbrnwtiollt'! depmited durin,!!; a 
thVIl the ac('entunting and llumberillg' df ('el'taln cent shedd, if puhlished, are printed. I said to he :,;tratifi~d. I period are grouped together into it The 
of' cv(·r,Y lH'lh one-snJl1ce, for the the topographic: TIle I'lurfaee of tlle partli is not fixed, as it seems I did:::lions of a system are 
heights of may he as('ertuinell by eOllnting: nwp are and'eulture I to be; it vpry slowly 1'i::;eb or sinks, with rcicrE'n('{l: 0[' formations lesi::l than a series is 
up 01' down from a llumbered eontour. I of the quaurangle represented. portray I to the sea, oyer -wide oxpanses; and as it rises or l 

f(COlltiuued.Ollthirdpageofoover.)' 



or st.ra.ta accumulate the I planes. Suitable conihination patternf'( are nsed i Strll-Ciure-8edion slied.-This I'lhcet exhibit" r.lle I 
that. are older, and the rela- for formatiollt1 known to he of :,,;Cdi-I! TchHions of ille fOT!llation~ beneat.h the sllri:t.cc. In I 

may he determined by m':'ntary or elifl\ shafts, and other natural awl 1tniIi-
1 

of 
Thif< l'elatioll;:;hip hohlR , The p,ltt.erns of cuch arc printed in yarioU!3 <.'ial the relat,ion.'l of di.f1t>rcnt beds to one, 

of int.ense di"fUl-Lmucc; in such I colors. 'Vith the patterns of parallel hIltS, colon3 IllUother seen. Any cutting "which exllibiis i 

tlw heds have been rcvcrsetl, and' are .used to indicate age, a partiruhr color those is (,1111cd II ,~cdi(JlI, and t.he slime 
oft.('n diffiellit. to determine their relative agc'E assigned- to eaeh The by term ii? applipd to a diagrrHll t.lJ-e rcla-I 

from their po:::;ition~~ then or the remains formations a.re ronRiBL of two or more tions. The ,nrangclllent of ill emth i" 

On tile rif!;ht. of the sketch, fig. 2, tile scetion is 
of schis:s whi(:h JJre trarc:rsud by masses 
rock. The "ehist6 are much contorted 

Ill1d imprints and indieate 'which letters. If the age of a f()l'lnation iM known the, t.hc eartM:;; structn!'e, awl a. section exhibiting this i" b 

of two or mol'(' iR the older'lt. I' symhol includes the Rystem which is a .arrHl1gement iB called it d//,ur:h(j'e wdion. I Fig-. 4.-lLleal ~edioll~ of strata, showing (a) Normal faults 

8t,ratitied rocks often contain the remains or capita-llettf'r or monogram; the symbols; The geologist, i" not limitpd, howew1', to the uwl (b) alhm8ifault 

imprints of pla.nts and animall:l ,dlieh, at the t.ime,' are compoRed of small INters. The names of the I natural and lntitieiul cllttin,e;s, for his information inferred. Hl·nee t.lwt portiOll of the scct;on ilf'lin-
the strata, 'vere deposited, li\'(:,d in t,he sea or were I Sy6tf'lllS and recogllizt'd sprips, in (from, concerning the eart,h'l'l Mtl'lldnre. Knowing' the t'iltc:'! whai is prohably truc hut iR not, knowll by 
\vashed from the land int.o hlkf's or seas, or were \IlCW t~) old), 'wit.h the eolor HlHl to I manner of formation of l'o('k~, and traced I obscrv!1iion or.well-founded inti:;rclll'c. 
hllried in '~llr1ieia.l (leposits on tJte land. 8uch, each system, are giw'n in the prel',c(ling Ollt t,lle relation:::; HmOllg dIP bed:,:; Oil the he ; The sedion in :2 shows three set" of forlTla-
1'0(,];;:13, tire cu.lleel fosRilifcrous. :By studying fosBi[:::; i I:'UR,F~\(:E l"OJ01:-; can mfel' then' rel,ltJ~-e n.flpr they pass: lions, dil"t.,ingni;.:;llCd Imdel'gron1[(lrf-'bt~oml. 
it. has lieen fOllnd that the life of each period of t,he ' I benc.Jth the SUltW(, Clln dl'lm sedions I The of secn at tllf' left of the 
earth's hil:lt.ory was t.o a gJ'eat, extent different from: ,Hills llml valleys ana all other "nrihce forms haw i smlt.ing the st.ructure of the eartll to a ",,,,,idemble 
that of ot.hcr Only t.he simpler kinds of I been prodlked For examplf', dq)th. Sueh a seetioll whnt won[d lw 

wlwn the oldest, fossiliferous most, the 6tJ'CtlllIH in the side of a miles long awl 
rocks From time to time more I, t,hat flow them t,t'c fig. 1), trw allu vial T[lis ilhistTUt~d ill 
('olllplex dcwlope(l, and as the simple]' ones plains hordering llwn." streams Wf're built up hy 
lived on in modified fUl'llls life became more yaried. : the strf'ams; :-;ea cliff" arc made by' 'the eroding 
But. <luring f'ach there li\'ed peculia.r forms, I adion of WltVPS, and s:md .spits are built up hy 

to ft, l.tighpl" 
parallel, a 

The 

nre 

\vhi('h did not. in earlier timt"':l and 1u\\'e not wayes. form.., thUH const.itute part, 
e~isted sillce; the.:;;e are (;hrll'('w[eridie and, of the of the ! which form ardH-'s and troll,gllB. TJtcsf' :'!t-ra.ta were 
tllf-'y define the nge of any bed of ro('k wl.tieh i 

are found. Other tYPCB passed Oil 
to period, ami thus linked tlU:' 

a ('}min of lif~ from t,he 

Fo~sil remaills found in 

ing of a marine or 
double hills being worn 
and being filled Hp 

.\11 p:Jrt::; of the lHnd are 

i Oll('e eominllou", but, th(' crests of the arches have 
bf'PII ,remored by degT1Hla.tion. The bed8-, like 
thosc 0[' the fir:'!t ~<~t, are ('oni()rmahle. 

The hOJ';zontnl !;!t.rat.a of [,hc rpst upon 
the prochl edge,., t.he bpd,s of the 

,..,et at the left of the seetton. Thc O\Tl lying 
~t·d.iotl at thE' frollt and a df'posits are, from their eyi<lpnt,ly 

\ than the :Jut! the 
The figure represents a landscape which is cut and strata must. have 

l"O(.k. off sharply in t.he foregrollnd Oil a vertical planc, I uf HlP ol<li~r lwds 
so a8 if) show the underground rclat,ioJlI:l of the and tllP a(:(~1l1ll111Hti()1l youHg(:r. \\~hen 

roekB. The kinds of roek arc indicated by appro- )'oungf-'r rO('kl" tJI1lR rest upon an prodcd I:mrh,ee 
priMe symbols of liIle~, dots, and dUKhei:>. These I of older rocks t.he relatioll lwtWf'f-'Il til(' two is 
sylllLol~ admit of much vaJ~utiOIl, but the following; I an 

II ure generally used in "sedion8 t.o represcut. the I il:l an 
commoner kind~ of rock: ' The 

I 
selnst;:; and 19nc:ow,~ rod"b At Rome 

lllfl~S 01" i:'! dpposited upon it.. adioll of .ail', waler, Hnd iee, which weill' - --=--~~~# I tH\(lsed (lIlVlOll'< ot 'llOltCll But the 
~1,1l l",[ory til, "lusts nne ph(", .. d I" Hlitl 

~~t::'_ llltlllblOn of l.L,lJ(OUR ro lcH ha\p Bot 8imilarly, the time at whieh meta.1l,orphie rocks I them down, awl :'!trp,lHH tlw \\HRle material 
,vpre forllled from the original maRSf'H is SOllll'tlllles to the B(;H. As tIlt' pro('P:-1S on the flow 

Shaly jiH'~~(<llJ~~ I 
the strata u{' t.he H~t()lld set.. 

shown by theil' relations to ndja(,f'uL 1.(mnatiOl.lH of 'water to t.he spa, it, (',1ll not canied hel0'w se:l Thufl it is f~vident a (:Oll:,:;itl~l'ab[c interval 
'of known agc; but thc Hp:e recorrl~d on the lllap is levpl, awl the Rva is thereful·~·('nllpa the ba.'i('-ievd 
tlw.t of the original IIlasses and not of their meta-I of f-'.,rosinn. \Vlwn H large trad i~ for a 10Jlh.~ tiIlle 

llllelisturhed by uplift or Bl1bsidel1ce it, is (legra,(l<.'d 
twd paft.crn,~.-Endl format,ion i,y shown ,n~nr1.v to base-leycl, and tliP eWll 'Kuriiwe thus 

on the lIlap by' a distinetiw combination of eolor II produced is (',dled a, penrplu-in. If thf' truer, is 
fl.nd and is labeled by n speeiul letter nft.er",·ards uplifted the peneplain at th~ t.op is a ,I 

clapse(l bet.wpell the fOrmat.':'on of the selii8ts and 
! the h<'ginning of deposition of tlw"st.raw of the 

8C(,011<1 $,t. Dllring.' t.hiR int-en:::l the i'K:hists suf:' 

('ak"re-ou~ .andst.ones 'fel"(~d IIH.'tlimorphism; thE'Y were the sccne of ernp-
tive' lldhit.y; lmd thpy wpre (1peplyeroded. The 

, contnd between the s('co11(l nud thinl sets is another 

I 
record of the former relation of the tract to sea lewt 

Symbols. and colur.~ as-s-igun) t() the. f·od;; ,~yst/Jms-.. 'l'Hl£ VARIOUS GROLOmC :-;HEE.TR' I 
fil,,"sil'e-an,lbelldediguoou"rocb. ---' '-------1· ·1--- ----~ A Te!Jl map shows the arens ' 

1 
:8 Color for "erlimentary formations. On the mar- Pig. 3.-Sylllbol~ n~cd in ~e('tioIl~ to r('pl'e~ent, diITerent, killd~ I 

Sybu,m ~ rock", 'which is t.llC t.o the map. To of ruckR. the 

--- - -- - a.nd The plat~au in fig. 2 pl'csent8 toward the lowcr ! the 

"""",,to,.,mt',', ]1, markH a time inr,crYal h~t\vef-'n 

ffJrlllntion. 

that. lnnd an es('arpmpnt, or front, which is mHde up seet.ion 
\\"he. re he of sawlstones, forming the cliff's, ami sha.les, ('Oll~ti-I gronnd alorig l".ectiou line,. nnd the from 

of t.li(, fiw- tuting the aR showll at, the cxt,r,emc If'ft. of the surface of nny mim·ral-produeing or wntel"-
flU), forIIlII- I the sf'etion. hroa.d belt of lower la,nd is tray- I b~aring stmtmll which ::lppear,-l in t.he f-\pc1-ion may 

in the and I ersed hy se\-eml ridges, 'which nrc S(,C11 in thf'sce- be measured the s~'~de of' t.llC lil<lp. • 
its color una p:lttern noted, t.he HT<;fJ.S on the tion to cOl'rf'spon<l to th~ twd of sHnd- sllcet eontains a 
map corresponding ill color and ,pattern may he stone t.hat riSE'R to t.lw 8-urfiICe. upt.urned 
traced ouL. of this bed fOt'lll tlw ridgf'K, and tIle llltenl,,,,,,,,lte 

'1'118 legeml is also a pflrtial 6ta.tement of t.lw I vfJ1lcys follow the outcrops of limestone and 
geolo~ie history. In it tlw formationK are arranged reous sha[c. 
in columnar form, grouped jlrimnrily "\-\'here the edges of thc strata Ilppenr at. the 
orig~n-se(limeutary, igneolls, and snrfaee their tlliekness (:lln be measured fltld the 
of unknown ori~in-and wit,hin each group Ht which they dip below t.hc surfilCc ('nn be diagram. 

o Red-pllrplc. 
ar~ p[aeed in the O1"<1er of age, so 1111' as kllown, Thus t.heir underg:round can The thicknesse,,, of formations are given in figures 

at the top. that t.he int,ersection of which ,"ltate the lC<lst. and 1nCaSllrCm-el1ts, 
1flap.-This nHlp It bed "'ith a horizontal plane wi[i t.nke is called I and the t.hickness each is- 8hown iu the 

minnn.Is and Rho wing thc idr£h:. The inelintlLioll of the bed to ihe hori- ,('OlUHlll, is drawll to it seale--usual1y 1000 
A Brownish-red. t1lCir relations to the topographie featurf's ,mel to measured a.t. right angles to the strike, ' feet to 1 illdt. The or<ler of aceUllluiation of tbe 

the formations. The formation;"! whieh is I sediment;;; is shown ill the columnar HT~'angelllent-
a.ppeJlr on areal geology nwp an, usually ,':lhOWIl St.rata arc cllrved ill troughfl and the oldest formatioll lit tlw bot.t'(Jm, the youngest at 
on this map by f'nintpr color The areal arches, such a."l nre SI:-'Pll in fig. 2. Tlw archeK arc \ t,he top. • '--' 

Gray·hrown. 

Patterns composed of parallel st.raight, lineR arc geology, thus printed, a subdue(l hack- (-'alled nnt£dineR nn<1 the t.ronp:hs .~yllulhu:s. Rut' The intel'Yals of t.ime which to events 
used t.o represcnt. sedinlPntary formations depoRited ground upon whieh t.he areas of produdb"e forma- the. sandst.ones, 8hh.lef'(, and lim~sl,ollt':::; wpre , of uplift and flnd interrup-
in the sea or in lakes .. Pattern~ of dot.s and cirelps tions may he emphal'lized by strollg color~. A mine ited benGlth the 8ca in nearly flat. shp('ts; tllUt iwlientf-'d graphically a.nd by 
reprcsent alluvial, and eolillll fOl'lllatiollR. symbol is print.e<l at eaeh mine or qUHn'.Y, accom- are now bent and fol<led i'l proof thai forces hayc 
Pa.tterns of triangles and are llsell for igne-I panied by the name of the principal mineral irom time to t.ime eau!;!cd t.he earth's ~urfaee to I 

OllS formations. )'Ietalllorphie rocks ot~ unknown mill:d or stone q.u'~ITie~. Fo~ rf'gions where t.h.ere wrinkle along ccrtain ZOI1(c". In the stl'lltll i 

origin flre short dashes Hregnlarly , are Important nllllmg llldu,strleM or where miCSHIll are hroken a(~ross and the pa.rts slipped Pllst.

1 pla.eed; if rock iH the dHshes may be I hasins e~i~t sp(,eial JlH~,pS. ,H'e prepared, to show ~adl other. ~ueh ureflks are termed faulLH. Two 
armngcd in wayy lines parallel to the structure these ad<.htlOnal eeOnOlllle features. kinds of faults are shown in jig: 4. Revised January, 1004. 

CHARLES D, WALCOTT, 

lIirectol'. 



DESORIPTION Olf THE QUADRANGLE. 

Prrpared undrr the supervision of William Blllloek Clark, g~ologist in eharge. 

By G~01'gfl Btu'hunk Shattuck, llenjamin LeUny ~liller. aDj! Al'thur Htbhin.". 

IKTHODUUTJOK, I Reliej.-Throughol1t the entire extent of the Piedmont I and mud, derived from tho waste of older rocks, together, In addition to the force which acted in a horizontal 
, Plateau the uplauds ar,e SllO"oth and rounded, usually to , with the remains of plants and animals that lived while I' dircetioll, this rebrion has been affected by ot.her forces 

Loc(Jl-ion and area of the quadmngle. - The l1 Yery marked degree. They represent the ancient the strata. were beillg laid down. whichlVlted,Yertically, and repeatedly raised or depressed . 
Patllxen't qlludraIlgle lips between parallels gso 30' plain to which the land waf' worn uown during the long * * * * * the snrface. The compressive forces were tremendous, 
nnd aDo nmitl hltitude and meridians 76° 30' and 77° agcs of deeay. The st,reams near their heads flow! Structw'e.-'L'he strnctures that prevail t.hrough most but limited in effect to a relatively narrow zone. Loos 
wcst longitnde. It includes one-fourth of a square belween low divides in the open, shallow valleYR of the I of the ancient rocks of the Plateau are very complex, iHtense at allY point, but broader in their results, the 

degree of the earth's sllTfhce and contain~ 9:31.5 ~~:'~~~:OI~la~~~'~l:~S :~~; ~~::\:;~~Ie~;al~;;'~:~~.~ t~:~ ~;~a~~:~~I~~::~C~s~u~: c~~~P~:::/;~~~~l:~'::r~~~~!~:~~ ;~:~~~;~~a~ov~~~:~~:;~~::~ ~!::~~~~l~::~: :~d;~~:~ 
Rqnal'e miles. From nort.h to south it mcasures now flow t.hrongh narrow gorges and canyons. These trasted with t,he .Jnratrias rocks which occupy a small ment were combined dming the flame epoch of deforma
:i4.5 miles and from east to west the mean distanec eanyons wi41en out on the softer l'Oeks and toward the part of the Plateau. 'fhcsc strata are gently tilted amI tion. In most eases the movements ha,·c resulted in a 
is 27 miles, the \vidth heing 27.1 miles along the easl" awl their steep walls giYe place to terraces and to all dip toward the west at anglefl of from 1" to 300 • 'fhe warping of the surfaC€ as well as in uplift. OIle result 
southern and 2,Ci.n .milcs along the northen,l border., II lower an4] smaller plateans. In a view across the Pierl- cl'ystallille rocks covering most of the Platoau are tilted of this appears ill overlaps aml llneonformWes in se(li-

The fJllatlrangle in('ludes part.; of the Stntf' mont Plateau from one of its snmmitfl the monotonous I at high angles) broken by faults, amI aUered from their mentary formations. 

of Marylnnd .and of the Distrid of Coln.milia., , ~~'~;~;t;tl~~e ~::~l~h~:.,~I~~:O ~:l~e~\~l;~;n~:~~e~~;v :~~)~l~ ! ~~~ol:ll;~r~:~i:i~~~'e }~~2:1;;~:of:~~~~1~ ~:~q~::::r:: Outline (if llw anA !lfol!)!!!! of lite 
Tn !l.Inryland It. embraC'f'R t.he southern portlOll oj the Plateau. These are arl:'aA Hot worn uown to the i siuesof the folds together until the beds dip in the .'1ame Atlauri(: Coastal 1n'ovince.-In its physio-
A lllle Arundel emmty, tile northern portion le\'el of t.he plain and are most common near the union direction. In these cases the existence of the foM is gmphie and geologic relations, all of this quadran
Calvert, County, the extrf'tne 1101'tlW1'n end of St. ofthePiedrnonI.Plalfl!lU!uHl the Appalaehian)IOlUltains. deicdeclmainiy h.ythe order in which the formations gle except a small area in its norUl\vest corner 
:Marys Count.y, the nOl'the.'lst.ern portion of Charles The uuiform heights of 1he Piedmont Platean distin· oceur. Portions of the Plateau in Sorth Carolina and forms a part. of the Atlantic Coastal Plain prov-

County, the southeast.em portion of Prince Georges f~I~~e ~~;1;~1~;~~::;~~~(~;;ll~:~ o~l~ee ;:~::ua:~I:·~~~: ~~;o~m~=~i::~::~~v:;~~:~~~~ ~~~:~fa~~~: O~~::I:~:; incp, which bordern the entire eastern part of 
Count.y, a~d abont 1 square mile of: ,the s~lltl~eftl:lt,.. has a gentlc Rlopfl1.oward t.he east and southeast iu that as "Well as by t,he sequence of the format,ions. North America and which in essential particulars 
CI'n part ot Montgomery County. lhe Ih;:;;trwt. of, portion whieh drains into the Atlantic and t()w~ml >the Faults arl:' not uneommon in the Piedmont regioll, and is distinctly Reparated f!'OOl the provinces on £lither 
Cohllnhia is representeel in the llprthweRtel'll part of i sout,h where the streams drain into th~GIlLf of Mexieo. I 4loubtless many more might be traecd if tho rocks conld Ride. Tts ('..astern limits arc rnal'ked by the we11-
the quadrangle by ahout 24 Rquarc miles. ResideR ]n a wide belt adjoinillg the Coastal Plain the Plateau I he divWed into slllaIl and distiuct formations. 'l'wo defined edge of the continental shelf, at the summit 
the lnnd al'ens a smnll pOltion of Che'Snpellke Bay, sllmmits vary from ;\00 to 600 feet above sea. 'l'his helt. types of faults appear: those associated with the .Tura· of all eseurpmcnt yal'ying in height from 5000 to 
with parts of the ('stnnriE:'b of Sonth, \VeRt., Patux- ('OllllH'i."C'salm08t an of thf'Platean north of James River, tria/\ hasinR-normal faults-and those eonneclteiL with 10,000 feet. This scarp edge lips at It general depth 

("nt, lind AnaeoRtin rivers and PiRcatmVay Creek nre ~:c~~:~~~i~'~~;m~a~~:~'~:t~>~:t:!~eS~~~~i~~0~:!1l1g0~1~et~i~;~ , ;~;n::J~~~ft8~IH~'I:e::;~~::1~i;:\i~~P~:\;~:~~ I~~~; of 450 to [JOO fept below sealevel, but commonly 
embraced within this qlladrnngle. it include'S feet above the sea, whilc along the immediate westerll acrosf,! the seuimcntary layers, and their planes mlUfllly t.he 100-fathom line is rcgarded flS tho boundary ~f 
portionB . of' t.wo physiographic proyillces-the borders of the Plateau the summits rise to 150() feet,. dip at high angles-from 750 to f)O°-corroopobdillg t.he continental shelf. The descent from that line 
Piedmont Plateau and the At.lantic Coastal Plain. The Platcau surface south of Jamoo River a.nd lying in closely to the dip of the schistose plaues in the under- t.o the grenter ocean depths is abrupt; at Cape 

OutNne of Uw .geography aud geolo,qy of the Pipd- the Atlantie dminage is ahout, evenly divided between lyillgolder rocks. The displacements due to these faults Hatteras there is an increase in depth of 9000 feet. 
nwnl Plateau Prot'ince.-This province is repre- the lower and higher gl'OUpS of altitudes. 'rhe zone of arc comparatively slight, being measnred by hundreds in 13 miles, a gTade aB stc-ep as tlint found in many 

sented by small areas of' gnmit.e gueiss along ~:~~e:er~:te:'~:~~f:~~el~a~~r r~thr:;ar~;~!f/a~:'~7: z::~ ~~pf:~t'f"::~l ~hn~~:1:n~0!~:~~~~d:~I~n70h::1~~; :~r:~~ places along the flanks of the greater mountain 
trihutary stremns of Anacostia !livel' ill the north- passes from theAppa]aehian1\Imllltains int.o the Plateau nized formations. Sneh faults, therefore, are hard to . systems. Tn striking contrast to t.his declivity is 
west corner of the quadrangle. The followillg a littlc norlh of .Tames Uiyer, anu, as its trenu is more trace beyond t.he Juratrias hasin, although undoubtedly the compamtively fiat oceall bed, \vhich stretches 
general description if.! taken fi'om the "\VaRhington nearly south Lhan that. of the Plateau, it slowly reeedeR they exist, elsewhere as well. Thrust fanltR among the away to the BaRt with but. slight. differences in ele
folio (No. 70) of t.he Geologic At.las of t.he rniterl from the ~Iountains towani t.he Coastal.Plain. highly tilte(1 rocks are comparatively lit.tle kno\vn, and vation. Seen from its base the escarpment 'would 

States: PI~~:~:IUf.:.-;:~~)~ :~·I~:;;~.o\~~::n:;.et~~ t:t~.e~~:~~~~ :!li~~/~~:l:::t~:~s t;fh:~:~ ::)~~ ;=~~;l!~· t,~ ;eo;n~~,~: have along the horizon t.he appearance of a high 
The Piedmont l'Iateilu i~ an upland to wllieh tlle term southea.'!ted.v illtO the Atlanti('. Around t.he south- heen discovered under conditions oopecially well adapted mOllntain range with a very even sky line. Here 

',' })latean n is applied becam;e of its eleyation and gen· , wCfitel'll cnd of the ..:\..ppala.ehian Jlo11ntainsl whcre the to show unusual Rtruetures. In these eases the faults and there notches, produced, perhaps, by f'treHms 
eral flat aspect.. Jt, constitntei'! a division of the great. ! Phi.teau swings toward the west. thc fitreams flow Ronth. seem to have been produce<l eit.her during or after t.he which oneo flowed acrOSR the continental shelf~ 
Appalaehi.an pr~':ince, amI ~ts lIame, "l'iedmon~/1 erly into the Gnlf of l\fexico. There are two principal later stages of the folding and metamorphism, inasmueh would be seen, but. there woulll be no peaks nol' 
refers to Its pOSitIOn at the foot of t.he AppaJachutll elaSSM of st.r('llJIls-'l'hoiie whieh l'ise near thc inland as they cross the formations ana the schistose planes serraiRd ridgeR. 
Mountains. Prom the base of t.he BIue Hidge in, bordCl' of the PI~teanl and thORe which rise beyond rather abruptly. Unlike the usual Appalachian thrust The Piedmont Plateau, already de.."lCrihed, forms 
Georgia, North Carolina, and Virginia, amI from:

1 

it, in the Appalaehian Valley. Savannah River, in faults, these rarely have ally visible origin in anticlines. h 
(' t r ~f t· . "?II lId Pl· ·t 1. e western boundary of the Atlantic Coastal Plain . .la Oe Ifl l' oun aln, In i aryaIl( an ennsy Y:tnm, 1 Oeorgia is tvpieal of t.he fil'Rt. dass and .Tames River ~rheir planoo dip at high angles, and for the mORt part 
slopes a.'! Il whole sout~castward. The. summits stll.nd in Virg/nia) ~f the seeolld c1a1<.". So~th of the Yirginia~ lie nearly parallel to lhe aajoining schistose planes. 11' :Most of the larger strp...ams and many of the smaller 
at. nearly t.he same heIght o\'C'r extellsn·e areas, wIth, Sorth Carolina boundary thc...,e two kinds of st.reams iswheretheLwodivel'gethatt.heiaultsbecomeappare1'lt. ones, as they cross the western margin of the 
gra(~ual (',han~e~ from d~stri(,t to distrh:t. Sinee ilii for- urain nearly eClual area;, of the Piedmont Plateau, By fa,r t,he most prominent of the Piedmont structures Coastal Plain, are characterized by falls or rapitls, 
ma1ton thC' orlgmal plalll has been uplIfted and streams while sOl1th of that, hounual'Y no large stream rises is schistosity. Formations which retain thelr original and the name "fall line" is given to this boulldal'y 
haye worn narrow ehanuels down into the olrt surt'aef'. far fl'om m~ border of the Platoon. Most of the larger ('ond:i.tion unchanged are extremely mre, and frequelltly on that aeC'ount. Below the fall line the streams 
The rngged RloI1(\S thui'! pl'odneed are dosely confined to streams of both dasses flow (tirectly across t,he Plateau the alt.eration has quite obliterated the original ehara('· show a marked decrease in the yelocity of their 
the streams alld are visible only on neal' approach. at, wide angles with t.he treml of the rock formations. tcr of the roek. In m08~ of the Redimentary rock~ the currents. In the middle Atlantic region tide-,vate, 
Along the nort.hwestern border of the Plateau there are In fheir general freedom froIll the control of tho rocks, hedding planes have been destroyed by the metamorphic 
remnants of the oM plain JJOt yet invaded. In passing the Piedmont st.reams are most. unlike those of the Appa. aetion, and even where they a,re distinct they are usually estuaries, the continuations of ·the large stl'E'mns, 
northwarcl ~hrotlgh Virgiuia, ol~e fin~s the Platean and i hwhian }lollntains a1id ""ralley. The ehief exceptions 1:0 less prominent than thc schist.osity. In the igneous extend inland to the fan Jine, which thus mnrks 
the MOllntams gradually merglllg" tnto elleh other, 1'10 I this are in Georgia and Alabama, wherc the main rocks planes of fracture and motion were developed, I the head of' navigation. To the SOllt.h the falllinc 
that the separation of tho Piedmont. and Mountain' strellllis follow the rock belts for long distances. The which l in a measure, made easier the deformation of the I gradually-rises, so that in the Carolinas and Geor
divisions becomes less prorqinent. Where the Potomac Small rh'Cl'f\ !wd the tributary creeks show greater rocks Along thC-"e planoo of loc'llized motion the oriO' 

.~ "u In 0 I mOll regIOn ' e at; till, p a ·ean dependence upon the nature an(l structure of the ~ '" ".., .OJ..., ~ ~~, . ,=, oJ Possec, 0 I ' til,. I"ed t ' th t I I t 'nol t'ext,,- of the mok W.'" la'c',el,. ,1""1"0"od' by thbe·1 gin, alt.ho,ugh falls and ra,pids still marl,\: its location 
extends far 1'nto the· Appala,chian Valley. 1\Iany out- underlying roekR, and oceupy many valleys rnnning fradures and the growth of the new minerals, and in and furmsh power forul111san~ factorIes, the lo;vel' 
Hers of the Apllalachian MOllntains, sU(~h as thfl ~outh northcllRt 01' sout.hwest, with the rOflk belts. These many cases this alteration ext.encls through the entire courses of the stream nre conSIderably above bde. 
}"[olliltains in NorLh Carolina and Southwest )Iountain eourses become general in Rome regions-for instance, ma-ss of t,he rock. The ext.reme d~vl:'loptneut of this The position of' the fall line near the head of navi-

in ;~::g~si~r~n~~~~:;to~h:h:e~:;~·~~~~p~J~:t~~: ~~~~1l:':;~ ~~.~:~c,.~tr~~i;oT~rmg~~i~"'1 't~OSe,': 0hfca,llhsO,o,ln"'I'edoc":c~uuptvstbreaa~;nosfl process is seen in the mica schists and mica gneisses, gation or Ileal' the SOllree of water power haR been 
oJ ' " oJ '" the ori.b>in~l textllTIlS of which have been entirelyrepla~ed one of the ycry important. fa{),t.ors in determining 

less clearly defillCll t,han its western margin. The Pied· which are about parallel. This is part.icularly the case by the Schl~tose struettll'e antI parallel flakes of new mm· the location of many of' the towns and cities of the 

:::~;~es8l~~t: f~':d(l~;:!,~;at~~:~(~S ~~::l~e;ht:p~::~;~i~ ~~it~l!h;I:,~::~~~rn~~e:~eW~!~!:t~~~l'i~~ the eastern part ~~~=~l '~~: ~~~~~e~!t f~~!~11:;:I~~0:0t.!~n t~: ~~~~~:~l~ At~Hn~ic coast, N e~~ York, 'fro.nton, Philadcl~hill, 
differenee bet.w~en t.he two provinces lies in tIle contrast. * * * although in certain belts, chiefly along its eastern ancI 'VIltmngton, Baltimore, \Vashmgton, FrederlCks~ 
prooented by the narrow gorge,,, Cllt in the .Plateau and J.'oeks.-The ancient rocks of t.he Plateau comprise central portions, t.here is a prevailingly northwest dip. burg, Richmond, Petersburg, Raleigh, Camden, 
the wide valleys of the Coastal PJaill. Jl'he' crystalline fonr RBries, of". widely diffcrmct ag.c and eha:nwter. The southe.asterly dipR range from 4,'j° to 90°; the nort,h- Colnmhia, Augusta, )'Iacon, and Columbus being 

~~e~:eof~:~t~~a~i:~l:'o:~:r: ~:~(~ °t~o:c~~Ch ..:.~~e ~;:tin:~~~~ :rhese ~re the. 19neous. and .cr~'stalhne ~oc~s, I~clutl- , westerly dJPs, from 30° to 900
• located along it. A line drawn through these places 

lllg gnelss, SChIst, gramtel dlOrltl:', aml SImIlar forma~ I 'l'he structures above described except perhaps the Id -. tIt th (' b: I PI . 
lapped far over t.he Piedmont l'egion, but. thtly have 
heen remoyed more and more by erosion ,until only 
small remnants arc left upon the Plateau. As the 
streams ent deepel' amI wiuer vallevs in the loose sedi· 
ments than in t.he hard undel'lyi~g roeksl a general 
diffel!enee in topography resultpd. Later period~ of 
submergence, during wbieh the Coastal Plain wag 
beneath the Bea, allowed the waters to ext,end fHI' 
up the larger ntllcys, and ill some cases the latcr 
gravels rea('.h across the Piedmont Plateau and into the 
Appalachian Mountains. 

'·Thi~quad~ngle 1;;;s het'll snrvnycd in ooopeJ'ution with 
the Maryland Geologica.} Sm'''''y. A fuller (liscn~gion of the 
Maryland portion ,of t.he (Jn1\(lrangle will 
(lonnty roports of th~ Maryland Survey, 
nied by geo]ob..]e mai,s published on the United 
logical Survey topograplJie base. on the seale of 1: 62.500; also 
in the volumes pnblishorl by the :&fnl'yland Suryey on t.he 
Eocene (190'1). t.he Miol'f'ne (1904), and t.he Pliocene and Pleis 
t.ocen!' (1906). 

hons; the volcanic formations, embracing rhyolite, Juratrias tilting and taulting, are' chiefly t,he result of w.on app.roxnna e y s~para c e .loas"t a.m 
hli!'!alt, anu their alteration products; the older sedi· eompression which acted most effectively in a northwest. flOm the PIedmont. Plateau. 
mentary strata, inclmling conglomerate, sandstone, southeast direction, at right angles to the geneml trend The Atlantic Coastal Plain proyince is tIi vided by 
slate, limestone, and their metamorphosed cqui\'a. of the folds and of the schistose planes. The earliest. the present shore line into two parts-a submerged 
lents; and the young·er sedimentl'l, the conglomerates, known period of compression and deformation oncurretl portion, known as the continental shelf or conti-

::~::t:~:ic~ll(~:~!~:~:l~.::~~s ~~:~ ::!~!t::: ::::i:~ during Archean time, and resulte<1 in much of the meta· nenta.! platform, and a subaerial portion, eommonly 

these groups nearly NH'respond with their ages .. the area ~~:7!i:: ~o:~~l~~~:e;:o~a;~~:ai:nli;;hea~ ~~s~~~~ called the Coastal Plain. In some plaees the divl
of the oldest g~oup being' greatest antI that of the Jura,. (lucing a port.ion of the metamorphism which appears in sion line is marked hy a sea cliff of moderate height, 
trias least. the other Archean rocks. In the course of time, com. but usually the two parts grade into each other 

'J'he first three series haYe heen grf'.aUy changed since pression became effective agaill, early in the Pllleozoic with s(,1l.rcely a perceptible change, and the only 
their formation, both in f'omposition and in attitude, era, and a series of movements took phwc culminating mark of separation is the shore line. The areas of 

~~:i~:~~l~~:e~~!~: a:Ot:;!t:~; ::e:)~~g~~a~h~a~~~~ soon after t.he close 0[' the Oarboniferous period. The the respective portions have changed frequently 

As a result, a schiRtosecharacter prevails in these al'eas, !:t:t.i;~yt~it~eS:~:s",:~~:n~:~~btp~~~a;~C:~R:~1~7~~ ~ll~~ during past geologic timc owing to the Rhifting of 
1'he Jumtrias Reric~ shows little change saye the hani. metamorphism. 'fhe varions deformations eombined the shore line eastward or westward caused hv local 
~ning into compact stone and a modemte degree of tilt· have greatly changed the aspects of the rocks-so mneh or general depressions or elevations of 1l1(;dernte 
ing from its original attit.nde. The mat.erials of which so, in fact, that the original natme of some of the oldf'Rt extent, and· even at the present time such changes 

I t.he sediments are ('(Imposed were originally gravel, sand, formaHons can be at present only surmised. . i are in progress. Deep -channels that are probably / 



2 

old river valley:,;, 1111-' coutiuuat.iolls of vallevs ur Chesapeake Bay and its estuaries to H h(~jght. of :;00' Banis. Tll tJH .. ' wctltern portioll of the qUfldl':111gle t.ion i~ rellde1'(~d ulll'l'rt.aill. The :'ilLd~tce of [hi", 
existing Rtreal~S, have lWCll traccd ent.irely ;eross ff'£t. lleflf the southeaRtpl'l1 hOllll(lary of the District this plHin is wf'll (\evelopc<l in t.he }0"\\"01' valleys of 
the continental shelf, at t.he margin of' which t1wy of Collllnhifl. 'Vith the exception of' a few loeal- PiRcatmvay au(l Hem(on rreeks, and oC'cnrs in an 
have cut (leep gorges. The channel opposite the it,il's, oY€l'ywhere throughout the' area stl'ca;n 81'0- I unhrokpl1 flat f~xtf'n(lillg up t.he yaUp)' of' Anacostia 
mout.h of Hudson H.iYf~l' is particularly well sion has dest.royed the originfllly plane f3urface of' River as fill' a." College PHrk. The Ttllhot, plain 
marked and hal'! been shown to extend almost the country and has dissected it into a gently rolling has been di~seded hy strf'am ndion lcsb t.han nny 

plain l'Hnges in elevation from ahout 200 feet in 
the southern portion of the qLHHll'augle to ahout 
:X)O feet. in the hills sOllllwflst of 'Yn:,;hillg-toll. 

lllLUNAGF.. 

lmint.erl'llpt.c(lly t.o t.he E'(lge of' the shf'lf: OYf'1' 100 upland of low relief. The stream system8 t.hat have of t.he other plflins descrihf'(l below. The drainage of' thf' Patuxent qlw(h'anglc il". 
milf's sout.ll('nst of itf3 prebent mouth. A similar been most active in the w01'k of ('1'osion are those of Wicornico j)lain.-The "Vieomico plain lies at a comparatively simple, as a. l'f'Slilt of the simplf' 
dlllllllellies opposite the mouth of Chesn.pcnke Hay. 'PHtnxent Ri,·el·, 'whieh crosses t,f,le middle of'thE higher level thnn the Talbot, from which it is in stnIeture of the Coashll Plain formations and the 
Theeombine(l ,vidth of the submerged and sllbaf'rial quadrangle from north to SOlltll, and :South and many plnces separated by an ('scarpment varying I contiguity .of the rpgion to Chesapeake Bay. The 
portionR of the CoaRtal Plain province iR nearly 'Vest rivers, in the northEast eomer. In addi- in height from a fe\v feet t.o 10 or 12 feet. At 'I p;reater part of the lantl of the arca is naturally 
uniform along the elltin~ p,nstern border of the con- tion to these a few short streaml:1 How directly into some places this escarpment is abRent, so that there drained. In some plaeef3 this is effected principally 
tinent, being approximately 2;')0 miles. Tn Georgia Chesapeake Bay along the eastern mal'p;in of tllf' sC'emfl to lw fL gradual pasBnge from the Talbot plain! through underground drainagf', as on the high 
the subaerial portion is over 150 milef:1. wide, while, quadrangle, and .A naeostiU. lEvel' fllId Piseataway, I to the 'Vieornieo. It 1.s pre-sent, however, at so many divide hetween Potomac Hnd Patuxent 1'i\,f'I'R aIHl 
t.he suhmergf'd port.ion is narrower and along the 13fattawoman, and Zekiah ('reeks, tributary to Poto- (liffercnt ph-l.ees that t.here is little diffielllty ill (leter- on the low land lying SOUtll of "Tf'Rt R.i\'el·, Im'ally 
eastern Rhore of the penimmla of Florida iR almost mac River, (Irain the Wf'stel·n portion. The (,OHl".t miningt.he line ofsepal'at.iol1 bef.\veen the two plainf3. known as "the 8wamp." The j>{"HlflilHler of the 
nhsf'nt.. Tn the Ilorth the ~uhllwl'g('d port.ion grlltl- , linc near tlte ew::;tem HUll'gin of t1w qlU\(lran~le' The hase of the escarpmellt. lies at lin elcYHtioll of C}lHHhilllgle is well clrnillt't1 by l'-t.rcamR, inaRlllllclt lIS 
lw11y jller(~IReS in widt.h anrl t.he Rllhncrinl portioll ! exhihits two l'-trollp:ly contrastNl typec. Til t.!le abollt ,10 feeL From thnt heigilt t,ile 'Vicomico the ('.':ltllnrit.'f3 of UhesnpeHke Rny extend inlalHI a 
lw('omcs nHl'l'owcr. Except in the region of CHpe nortltenRL cornel' 801lth awl 'VeRt ri,'ers form two plnin extendR upward to an ek\,ntion of ahol1t. 100 nnmber of llliles and tlw side trihlltaries cut Lnck 
IIattf'I'HR, ..,dlC'I'P tlif' snillllel'ged helt hf'eOUleS nar- reentrants flnd dibsect the eoa~t into it I1lllltitn(le feet, where it iH in tnrn O'c'pilrated fnlln the next to Ille ereRts of the (lividf's. Artiijeilll dmillHge is 
rowel', wit.h a eOlTe~pon(ling inen~lRe in widt.h of, of inlpts. Farther south, along the Cahf'rt Cliff..", , higher pIaill hy an e~l~arplll('nL , ..,;el(lotll emplo.ye(l in thi~ region. 
the snhn{'rial helt, this gnldnal dwnge continues as I tile coast line iR mneh more regular. The stremllS I Tltn \Vieomieo plain is older than the Talbot an(l: SlnxlIll dil;ili('8.-The Patuxent quadranglf', lying', 
far aR the southern part. of )iaRsaclnmetts, beyond whieh enter the hay in this regioll arc short and has 8uftl~red morc erosion. The f;treams whieh cross as it. doet:, luljncent. to ChesapPflke Bay and pene
which t.he subaerial portion diOlilppears altogether not of ~mffieient :::;ize to 1I1O(lify materially the pre- it 1I11\'e cnt deeper valleys t.han those ill tlw Talbot trated iJy the estuary of Patuxent River, hoth of 
throllgh the submergence of the entire Coastal Plain vHiling Ull b1'okell cltarueter of the shore. plain and ha,ye wi(lened their basins to sueh an which are at sell level, wonld nat.urally he t'xpeeted 
provine'e. Off NewfollIldInn(1 theeontinelltal shelf As a wholc the coast line is low, monotonouH, extent as to ill gtent measnre, the original to Rhow a f;Ylllmetricalloeation of divides. Not-
if; about, :-100 miles ill ·width. and ext.remely irreglLlar. The land bordering thc cont.inuity of its f:mrfn('e. Enollgh of thiR withst.lnding- the filet that therc is little in tlw 

From t.he fall line t.he COllstal Plaiu !tn:::;:1 gelltle estuariel'- of Patuxenr RiH'I' is, in most pla('es, co tn- suribee n'l111lins, IlOWe\"Cl·, to indieate the preMew'e ehln-,Ieter of t.he materials, position of thf' hedf;, or 
slope to t.he RoutheHst, generally not cxceeding,;) I pORed ('ithN of marshes or 10w-lJill~ te1'1'aees wliieh of the plain :md to permit itf3 idelltifieMion.; compamtivf' proximity t.o tide wnter t.o ('}lUSe the 
{"0t to thc mile, f'xcept. in thf' \'ieinity of the Pied- pnss nnder the snrronnding wat('r:,; with nothing This plain O(,(,!lI>:-; along Chcsllpcake Hay lind I Btrf'UlllS f'ntpl'ing Pntllxpnt Ui,~el· to (,lit more 
mont rlatc~IU, where the Hlnpe is in pluef's as great definite to mark wlwre one hegins and the other nlso in tIl(' vl1l1eys of the principal f'Rtn:tries. 11 i rnpidly t.han tho>:3e Plltering Chesapeakf' Bay, the 
as 10 to if> fpet to the mile-, or en'n IllOl·P. Thp I ends except, here :1IHI thpre, n low cliff which the i,; w('ll tkyelllped ill t.he northeastern portion of di\"ide betweell the ri,"er HIH1 tIlt' hay iR I1R a whol(, 
slllHnt'rgf'd portion is monotonously fiat, :1S deposi- waveR han' cut. durillg senSOll:'; of' storm or high the quadrangle ill thc valley of Hout,It lliYel', and eonRi<i('rahly lle:U'l'r the latter, I'I'IJH.x'inlly ill the 
t.iOll lllll'\ df'l'\tl'oyed mORt of' t.he irregnbrities that t,i(le. On the lmy sh~rc, howen~I·, for a (listallel.' ill t.he eentral portioll of th(' quadrangle through- ",:outIH'rll pm-tioll of the (l'!iHlrangle. This nSylll
\\"I're pr()(luce(l hy erosion when thi8 portion of 12 miles south of Chesapeake Bendl, the chnr- out t.he valley of Patuxent Hin~r. It is not. 'well : nwtl''y of the (livide is believe(l to be due to tlw rapi(l 
forme(l a pHrt of tlle lnnd area. Tlw slight de- aeter of the COaR[, iR f'ntirf'ly different.. Here tlte dew'lope(l alollg the bny shore south of Herring I ero13ioll of' the shore line from Herring Bay south
\·ntion of the subHerial pOl·tlon, which ill few land descends to the water in n sharp, st.eep ('WI', Ray nor in the southwestern portion of the quad- ward, which haR cause(l the diff" to recede inland 
plaecs relwhf'R 400 feet and iR £01' the most part 1(X) feet 01' morc in height, broken ollly at intervals !'angle. In the valley of Allacostia Riwr, in the i nnd thus Cllt off the mouthwanl portions of the 
les:'! than half that height, has preveBted the .small streamR whieh haveellt t.heir valleys to its northweRt <1uartf'r of the qnadrllngle, the \Vieolll- strpam.s that empty into the bay tllroughollt thiR 
~t,I'f'ams from cutting yallev~ of lllore thnn mod- ThiR iR the northern portion of the famollR ieo plain is reprcslmted hy Rrat.t.ered remnantR. I region. The lower COUl'Sf'R of many of t.llf'se 
erate dC'pt.h, Illld tl;l'·Ollgho~llt the greater portion Cnlw'rt Cliff..,., which extelHl l'Iouthwanl to a point. Capitol Hill, \Vashington, on whieh the Cflpitol streams hHve been rf'moved flO rHpidly that strealll 
of' thc nrea they fiow in open valleys at a level abont 2;; lllile~ beyond the ho}'(lel'R of th(, quad- bnihling is located, just ont:::;ide t.he quadrangle eroRion has not lwen ahle to keep pace with the 
only slightly lowf'r than that of tlw brotHl, fiat l'flnp:le. is one of these relllTlnnts. wave erosion, so tlwt now the ,veaker streams eas-
diyidf's. Here HIHl there, however, the country plain.-The 8nnderlHud plain lif's cnde into the Lny frOill t.he cliffs ahoye. The divi(le 
alollg the stream courses sho,,'s noticeable relief, TOl'OGltAl'lllC lo'EA1Tm~s. at it higher e]evntioll dum the "Yicomieo nwl hetween thc streams enterinl< thf' Potomae awl 
though the vHriation~ ill nltitude amount to only a The Patuxent a.rea a8 a whole exhibits fh-c gen- extends from about 100 feet to abo\lt 200 fe-et thoRe f'ntel'illg the Patuxent liel:1 well on,r toward 
few hundred feet. eml topographic' featnres, which are uRtmlly \,f'ry ahove sea leye!. It. is usually:::;eparat.etl from t.he the Patuxent \·alley, hut as the tributaries of the 

The lnlHl portion of the Coast.al Plain province- dist.ind. These vary greatly in the al1lount. of SUl'- 'Vic(lmico plain by an esem·pnwnt., 11I1J in most Patuxent flre sholtc:r alld more direct. titan thoRe 0[' 

that is, tht.' subaerial division-is marked hy the f<lee that they occupy, but tJte most noticeable <1is- plaeps another esea1'pment marks its ('on tad. with Ute Potomae erosion il'\ now more vigorolls in HlP 
prcsl'lIC'e of mnny bays l111d est.uaries represent.ing tinction ib that t.hey lie at. different elevlltioni:;. the next plain abow'. T,he e.'learpnwnt. separating forlller hasin than the latter, with lhe result that 
RnhmerW'd valleYR of streams, caryed during a time Tide 1Jwrshes.--=The fin;t of these topographic the 'Vicomico from the SnnderllHld plain is one of the di\·i(le if{ being pllshed rnpidly:,<outhwestwanl 
when t.he INlt sto{)(l at. a higher lewl than at present. features to he df'Rcl'ihed consist..':1 of the tide tIlarshe.'; the lllost I:1trikin,g tlnd COll.st:lllt topographic lea- toward Potomae RiYer. 
Chesapeake Bay, which is the- old valley of ~usque- found in the valleys of most of the larger estunries, tures in the Patuxent quadrangle. The Rundel'- T1:d('-NXth:r estuaTi('.~.-The lo\ver COLll"f'S of 
Ilalllla River; Delaware Bay, the extf'nded valley particularly of Patuxent and Anacostia riverR and lnnd plain ib de'i'eloped extensively throughout almost all the 1a1l~er strcams emptying into Chesa
of Delnwnre I{iver; and thc' tide-water portions (;f Piscat.away and Zekiah creekR. These extf'UtI OW~l' the eastern half of the quadrangle. It. oeeupies peake Bay have bef'n eon\'('tted into estul1I'ies 
Patnxent, Potomac, York, and .lameR riverR are a number of Rqllare mileR an(l lie at a level so low the highE'8-t, pOltiol1s of tile divide between Chesa- throngh a sllhmergeu('e whieh has permitted tide 
exampleR of ,qlleh haYR awl f'stllarieR, and then" are that tIle tidf'S fi·equently submerge them in part. peake Hay nlld Patuxent RiYer awl also is well water to pass up the former valleys of thp stre:1JTlR. 
TllallY others of' It'sI':> importmlCe. Till' strefllllS of The small :,;tl·('.fllll.s that empty into TrulllY of the (kyeiopcd along the western Ride of PatuxC'nt III tIl(' emly <le\'i.ilopmt'nt of the country these csLu
tltib nrea whieh riRe in the Pif'dmollt. Platean 01' estuaries mennder tltronp;h tlw~':1e rWlrShCR, ,vhic11 Valley as far north aR the mouth of \Vmtf'rn aries were of grc~lt Yllluc, aR they are navig'ahle for 
fiuther weRt are almoRL invariably turned in a fLl'e rapidly eneroaching on thelll. These swamps Brandl. Tn the valleYR of hekinh, ~latt.awoman, llIany milt'S from their lllouths atHI thu.q a11'0I·ll 
(lireetion roughly parnllel to the st~ike of the for- Ine fHled wiLh a gl'O\vth of sP(lges and other Hlarsh riRcnta\vHv, nlHI Hpl;son creeh lllld Antt{'oKt,ia meant'( f;Jr rea(ly transport of tilf' p1'mluee of the 
matiollt'( aR thpy pat>s out upon tllC Coastal Plain. plants, which ai<1 in filling up the (leprpE<.':1ions by River thl~ SUTHkrlnnd plain, though pl·eS('nt, is region to mnrket. Even the advellt of railroaclR haR 
'Vit.h this exception the strue/me of the format.ions sf'rving as obstructions t.o retain tlle mud earried represented only hy remnanti'!. The :::;urfllce of l1(:-t rendered thelll valuelesR and much grain awl 
and the eharaeier of' the materials have ha<llitile in h.y streams and by furnishing- :1 perennia.l t.his plain reac]ws an Hltitnde of about 180 feet. fnlit arc now tihipped to market on stea-men; and 
effect on stream (le\'elopmenr, exeept {oenlly. aecuInulation of vegetahle dehris. at Charlotte Hall, just beyond the southern mar- small Railing vessels which tr:l.YerRe these estuaries. 

Tlw RtructU1'e of the COfl13t,al Plain is extremely Trtlhol plain.-The term plain is llRf'd in this gin of tIlis qua(lraIlgle, and of 200 feet neal' Ana- St~nmboats fi'om Baltimore pass up the P:ltuxent as 
:,;imple, the overlflpping beds ltaving :llmost nniyer- folio in a somewhat :::;pecialized sense, to ille1ude eostiu. It hns suffered lHon~ slream erosion tllflll filr as Le-on, anel freight sailing Y\'ssels go e,'en 
I"nlly a southeaRterly dip of a few fed f(} the mile. the tel'l'aees :llong the stream valleys n1l(1 theil' con- ! the Talbot and Wicomico plains, whieh lie nt lowel· higher up. the .stre:lTIl. SOllth flnd "Vest riVf'rB tire 

The mntf'rials whieh are iOIllHI at the surface of tinuatiolls over tIl(' interstream :11'ea:;;, where thf'y i lewIs. ~imihuly llayigahle for severnl mileR from the bny. 
the Coal'-tal Plaill al·e bowlders, pebbles, sand, etay, are true plains. Laja!ldtp plain.-The Lafayette plaill is the CheRapeake Iby and its tl'ibntmy ('stm1ries also 
ntullllal'l, most.ly loose or locally indurated. In age The Talbot plain bor~le1's the t.ide marshes and highest. of t.he pIn.ins devl'lope(l within dw Coastal furnish good fishing grounds, and during c('rtain 
the formations range from ,J Ill'aRsie (?) to ReCf'Ilt. extendR frolll ~en level t.o an altitlHle of about 4,) Plain province. It hUB a eonl'lid(~rahle t'Xtt..'11t. in Reasons they nre frequente(l hy \vild waterfowl in 
Riw:e the ol<if'st formations of tIl(' province were fpet. 'l'hiR plain is presmt t.hroughout the quad- tllis <)lHHlranglf' sonUleasl of All:1Costia, forming suell numbers that they have long heen known to 
laid dmvn thE'l'e have hl'e-n llllllly periodb of dcpo- l'nllglt' along the larger st,l'eams, and also along Ule the (liyide l)f't.ween the valley of Patuxent HiYer sportRmcn as among the fillest h1lnting grounds ill 
Kition alternating with interva.ls of erosion. By bay shore. In the northeastern portion of the on the- ea~t alld tllE' ha.sill of Potomae HiVf'r on the thp eountr\'. 
reaflon of loeal variations in nplift awl sllhmergf'nee, quadrangle t.h(' Talbot plain is well devdoped west. Throughout this l'egion the margin of the The eh~nnel of the portion of Patuxent HiveI' 
tht, .sea advanced and retreated to ({iiferent linf's in along the lower courses of Sonth and 'Vest rivers, Lafayette plain Ims been extensively removed by ille1udpd within this qundrangle is ahoilt 1(; feet in 
different parts of the region, so thnt few of'tllE' f()I'- where it extendR inland fi'om the bny shore for Ktream action, hnt the cf'ntrnl portions have been depth in the sonthern portion nIHI shallows grad
mations cnll now he traced hy outcropping beds several miles, with a slope hardly Rnfficient to pro- practieally undi.sturbed. East of Patuxent. River ually to Leon, which if! the head ofsteflmboat Ill1\"

t.hronghout the C~oafltal Plain. Dilfen:nt eondi- cluee sllrfare draina~e. AIOllg t.he bay shore south the only remllflnt of the Lafayette plain caps l\fa1'- igatioll. Allacostin River is not llwi'iga,ble above 
t,iOllfl theref(we prevlliled in different areas of' the of Itishing Creek the 'rnlbot plain iA almost entirely riott Hill, in t.he southern part of Allne Anllldel tJle bridge hetween the Navy-Yard und Anacostia. 
pro\'inee during eaeh period and great variability ahRent except for a few rcmnants sitnated nbont a Count.y. The escarpment which Bepm·ates this Sont-h .River has a depth of nhout 1t: feet at its 
ill tilp ehnraet(,], and thieknpRs of the depoRitR has mile north of Parker Creek. In the valley plain from the Sltnderland rH·H1n below is wf'll mout.h, whieh increases to 21 feet near Ferry Point, 
hpPlI tllllH produeed. Patuxent River t.his plain is eharaeterist.i~ally defined .ill the reg-ioll abont. AmJeostia, wltere it. and then deereases gradn:111y to the llpper portion 

I 
(lm·eloped. Here it extends in an almost continll- attains a height of about 50 fef't. ~ear Hnghes-I of t.he estuary. Thf' "-Test RiYel' channd vari(is in 

TOPOGRAPHY. OHf:; belt from the southern mnl·gin of the (jlladran- ville, Bryantown, l1nd Aqnaseo, awl .i.UHt. heyond depth from 16 feet at its month to 11 ft,ct Heflr thp 
H~~LmF. i gle to Hillb Bridge, growing gra(lually narrower ~l:::; the sOllthcrn horder of t.he quadl'angle, in the head of th(' e-stuary, where navigHtion eeaSf'R. 

, it. tlscemls t.he st.reams and broken only by the shal- yicinity of Charlotte Hall, t.he f'Sc!tl'pment is prf'S- The ('Btuaries of Sont.h, \VeHt, Anac{).'ltia, and 
The Pnt.uxent is the most diversified of the :-10- low YlllleVR of RmaH Rtreams which (Out across it in cnt, Lut here it does not exceed 20 feet in height. Patuxent riverR are bordpred in many plaeef3 hy 

minute quadrangles which are located mainly or their eOll~rse to Patuxent RiYer. North of HillR Throughout the rest. of dIe Cjua(lrangle it seems nearly vert,ical bluiIii, 10 to no feet in height., or by 
entirelv within the- Coastnl Plain in Marvland. Bridge and on the western Lhlllch of the Patuxent, never to have existed or to have- been destroyed or I slopes which rise to the height of the broad upland 
ElpYlltions vary f1'om ti(le Im'el along the flh~l'es of the THlhot plain i.':1 present 01l1,Y in ,qrattere(l rem- sn greatly modified by erosion thnt its detenninn- within half a mil!' from die riwr. That the prpsent 



estuaries alone have not produced the bluft's 
which border them is very evident from the fact 
that in most places they are now doing little erosive 
work themselves. The small waves which are pro
duced at times of strong winds are the only notable 
agents of erosion. Such waves are frequently able 
to remove the finer debris which accumulates as 
talus at the foot of the cliffs, especially in the early 
spring, but are not strong enough to do much 
undercutting. In general the present cliffs repre
sent the bluffs that bordered the valleys of streams 
whose flood plains as well as channels fire now 
covered by the estuarine waters. 

The water in the estuaries is fresh or very slightly 
brackish, and ebbs and flows with the tide. There 
is seldom any distinct current to be noticed and 
snch as is seen is due to the incoming or outgoing 
tide and appears to be nearly as strong when mov
ing upstream as when moving in the opposite 
direction. 

Minor streams.-Theestuaries that form so prom
inent a feature in the eastern half of the quadrangle 
receive the waters of numerous minor streams. At 
tbe head of each estuary there is a small stream 
which in almost every case is very much shorter 
than the estuary itself. Some of the smaller estu
aries, particularly those in the vicinity of South 
and Vl est rivers and Herring Bay, continue as 
such almost to the sources of the tribuary streams. 
Hunting Creek is an example of this ty'pe. Parker 
and Fishing creeks, which enter Chesapeake Bay in 
the southeastel11 portion of the quadrangle, are 
occupied by swamps in their lower portions and 
nre now rut oft' from free communication with the 
watt'rs of the bay hy sand burs which have formcd 
llel"OAA their lllouths. Th~ swmnp lands indicate 
that the eRtllal'ies which formerly occl1pieil the lower 
courses of these streams have been obliterated by 
detritus washed in from the surrounding uplands. 
The same tendency to stream filliIlg is shown along 
the margin of the other estuaries mentioned above. 

DF13CRIPTIVE GEOLOGY. 

STRATIGRAPHY. 

The geologic formations represented in the 
Patuxent quadrangle range in age from Archean 
to Recent. Deposition, however, has not been 
continnous and many gaps occur, that between 
the Archean and Jurassic (?) covering a very long 
interval of time. None of the larger geologic divi
sions since Jurassic (?) time is entirely unrepre
sented. Periods when there was deposition over 
part or the whole of the region were separated by 
other periods of greater or less duration in which 
the entire region was above water and erosion was 
adive. The deposits of all the periods except the 
ArcheRn and Pleistocene are similar in many 
respects. With a general northeast-southwest 
strike and southeast dip, each formation disap
peurs by passing under the next later one. In 
general also the shore line during each successive 
submergence evidently lay a short distance south
east of the position it occupied during the previous 
submergence. There are a few exceptions to this, 
however, that will be noted in the descriptions 
which follow. The traveler passing from north
west to southeast crosses the outcrops of the forma
tions in the order of their time of deposition. The 
general sequence is shown in the following table: 

fJeologic !ormalwnl/ in the Patuwent quadrangle, 

ARCHKAN ROCKrl. 

Granite gneiss occupies small areas in the vicin
ity ·of .Riggs Mills and along Sligo Branch, in the 
extreme northwestern portion of the quadrangle. 

Patuxent, 

3 

It has been described by Arthur Keith in the I Patapsco and Raritan are considered Lower Creta- primitive dicotyledons found in the Patuxent as 
Washington folio, as follows: I ceous. . possibly arising in times prior to the Lower Cre-

The rock is remarkably uniform in appearance and PATUXENT FORMATION, taceOus. Until more positive information c!ln be 
has a prevailingly gray color-dark bluish gray where obtained they are inclined to refer the Patuxent 
fresh, and yellowish or greenish gray where weathered. Areal distrihution.-The Patuxent'formation has tentatively to the Jurassic. The formation prob-
The rock has a rather fine and very uniform te:x-ture. a very inconsiderable development at the surface in ably represents a part of the Neocomian-Albian 

~~~;i::'!e~'u!~~:;::,~~! ~~b~t~~ q;:t~' ;::!:C~::r the Patuxent quadrangle, although it presumably series of the European geologists. 
constituents are frequently seen small amount.s of garnet, underlies the entire region. Its outcrops are con- TAickness.-The observed thickness ranges from 
chlorite, hornblende, tourmaline, amI pyrite. 'rheprin. fined entirely to tlie northwestern portion of the a few feet to 340 feet, increasing toward the eRst. 
cipal exceptions to the even texture of the granite gneiss quadrangle, where they OCCllr about Washington On the basis of well data the estimated maximum 
are the round balls and eyes of quartz aud the knots and and north and west of Anacostia River. In its thickness is about 500 feet. 
layers of chlorite and pyrite. These can generally be wider distribution the formation has been recog- Stratigmphic ~·elations.-The Patuxent forma
found in good exposures of the rock, and the quartz is nized in discontinuous outcrops extending from tion in this quadrangle overlies the granite gneiss, 

co;:~c:::~~w:;t~;e~!~~~n~~~a~:::b:·marked : Indian Head, on Potomac River, to Anacostia and of Archean age, and is overlain unconformably by 
parallel arrangement, in places more, aud in places less, Washington and thence northeastward through the Arundel formation, which also is referred ten
but always insorue deg.ree. This is the result of meta- Laurel, Relay, Baltimore, Havre de Grace, North- tatively to the Jurassic. In many places where 
morphism during deformation, the original rock having east, and Elkton, to the Delaware boundary. Cer- the Arundel has been removed by erosion the 
been grauite. Where the recrystallization of the miner- tilin deposits in Virginia are also referable to this Patuxent is overlain unconformably by clays, 
als parallel to one another is far advanced, the rock is formation. sands, and gravels belonging to the Columbia 

~~~:~. p.!:;::r:r:: w:~:s~~v~~;~~r~n~ e:~~~ :: Litlwlogic chamcfe1'.-The materials composing group. The general strike of the Patuxent for
most schistose masses portions retain mnch of their the Patuxent formation are extremely variable, mation in this quadrangle is fr~m northeast to 
original character in spite of a1t.eration. The formation although prevailingly arenaceous. Buff and light- southwest. Toward the north, however, the strike 
is therefore termed granite gneiss, as presenting both colored sands, both fine and coarse, predominate, has a progressively more and more pronounced east
the original and secondary char!l(~ters. while beds and lenses of clays and gravels occur ward trend, ranging from north-northeast south of 

The metamorphosing forces which rendered the granite less commonly. The sandy strata, which usually Washington to east-northeast at the head of 

:~!S~i~h :;::I~nO:: :~c:f\'~:~~~~~ !::~so;~c!:~!:: contain considerable amounts of kaolinized feldspar Chesapeake Bay. A well-defined change in 
ton. At similar situations in sedimentary rocks outside and are therefore an arkose, were called by Rogers strike is shown at the head of the bay and 
of this region close crumpling and schistosity are found, "feldspathic sandstone." The sands are in many another a.t or near Washington. 
and the same phenomena appear in the mica gneiss and places cross-bedded, and with the gravels are here 'fhe dip of the Patuxent, as well as of the overly
mica schist near Great Falls. The granite gneiss does i and there indurated by oxide of iron to form fer- ing beds of the Potomac group in Maryland, ranges 
not appear immediately along the synclinal axis in that I ruginous sandstones. The sands contain small and in direction from east-southeast in its more south-

:~~::~~i~;tth~~~~~s~~ti~~::~s~~o:~s;:e~l~~:~~ I large lenses of clay, which are co.mmonly light in erly exposures to south-southeast farther north. 
cntting through and obscuring the earlier planes. 'l'he! ?olor, though locally they are hIghly c~lo~ ~y The normal dip of the basal beds of the formation 
whole rock mass clearly shows extreme deformation. ' 11'0n compounds. The drab clays are hgmtIc III reaches about 60 feet to the mile. In tile vicinity 
Under the tremendous stresses the round hallr; of (lual'tz I places, and have yielded many impressions of fossil of tlle fall line, which is toward the landward mar
were in plaeffi mashe(1 into eyes and lenticulal' layet'f'. leavcs. ' gin of the Patuxent outcrop, the dip of the basal 
'l'he g.r~ntest m~taUlol'~hiSIl1 l'eSnlle(~ i~llayers w~it'h,al'f' The fpllowing ~ection exposed in tJw northwest-I beds is e~nBidel~bly greater than this. Southeal't. 

~~:t~!l:~::~~~,ao~c:~:t:~an~~~~~~!:!~~~(~~~ :n~:~:;~ er? part of Wash~ngton, just .b~yond the borde~'S of of Washmgto~l 1: ranges from 50 to 75 feet, hut 
else in this region, and toward both the north and the thIS quadrangle, IS characterIstic of the formatlOn: n~r the fall hne It amounts to about 90 feet to the 

the rock has a more and more granitic aspect. Towal'd ARUNnKL FORMATION, 
south in this belt the schistosity steadily decreases and SecUon in n01'thweatet'npart of WasMngton, D, C, II illI e. 

i~: s~~~c~~:~~:~~ ~:;: a~:!::Jy :~::e:n:~ SU1~~~;~-----i-----d-----dcl-~~--------_----_F~: I Areal d'i8trihution.-~he outcrops ofthe'1\rundel 
rock mass and on the smallest scale. Under the micro- PATU:X:;T: grave s, san s, an a)s_________ ! formation within the Patuxent quadrangle are con-
scope the fractures, the dislocation of minerals, and the COlU'Se white arkosic pebbly sand, some lignitic, fi d . I 
growth of new minerals can everywhere be traced. small pellets of white clay, and a lens of lJght I ne entIre y to its northwestern portion, in and 

From the met that the formation was granite, its greeDlsh dra.b sandy clay 5 feet lD thickness about Washington, but it is believed to underlie 
eruptive nature can be inferre(l. 'rhis is also shown in The strata show both hOrIZontal and cross the greater portion of the quadrangle south and 
detail by the inclusion of foreign fragments, which bedding Amount exposed_ - 15 east of Anacostia Rivel. In its wider distribution 
appear in many places noor the borders of the mica. Paleontologic characte1".-The organic remains of the formation occupies a compal'Rtively narrow, 

f::i::;=~oa~~ ~h:~~~:li!:~!~u:r:~l::fl~ ~a::~~no; the Patuxent formation are neither plentiful nor irregular, and much interrupted belt extending 
identical in appearaJ1ce with the mica gneiss. Some of varied. No animal remains have thus far been from Washington to Bush River, near the head 
the inclusions show no banding, but resemble the .fine found in deposits of this age within the Patuxent of Chesapeake Bay. There are also outliers of 
granitic layers of the mica gneiss. The presence quadrangle, but a teleost fish has been reported 1638 importance to the north and south of the gen
Darrow tongues of the granite gneiSS in the mica gneiss from beds of apparently the same age on James eraloutcrop. At Capitol Hill, Washington, a well 
points to an eruptive nature for the granite gneiss, but River in Virginia. Plant remains are much more boring, after passing through about 50 feet of 
the great metamorphism has so obscured the contacts numerous and include thallophytes, equiseta, coni- Recent and Pleistocene materials, penetrated 131 

:: ~~; ::~nni:~.~~~:~u:':;:rh!s ~:~~~:tfo~a~:m~ate fers, monocotyledons, and a few primitive type8 of feet of exceedingly tough drab and highly colored 
the granite.gneiss bodies jn which the amount of schis- dicotyledons. Of these remains the more generally 'II lignitic clays which apparently belong to the Arun
tosity is small. In severai places [adjoining the Patux- observed are the lignitized and silicified trunks of del formation. Beneath these clays the boring 
ent quadrangle], for iusmllce west of Annandale and conifers and cycads. During the excavating for passed into the Patuxent sands and gravels. Clays 
southwest of Bethesda, the contacts of the massive amI the new reservoir in Washington a silicified conifer probably belonging to the Arundel formation were 
schistose granite are sharp, suggesting that the massive trunk 50 feet in length and several feet in diameter II encountered in an excavation for a deep sewer in 

::l~~:~~::!~~~~:~~n:o ~!~~!~e~ra!! F:~~7!~e:::b was found in beds belonging to the Patuxent for- the vicinity of Anacostia bridge. 
the beds of schistose granite. These more massive lxKlies mation. Another shnilar trunk about 4 feet in I Lithologic character. - The materials compos
may be part of the granite gneiss of slightly later age, diameter was found in the vicinity of the Maryland ing the Arundel formation are diverse in litho
or ma.y be of the 'age of the biotite granite, which is Agricultural College. II logiq character. The deposit is composed, in great 
considerably younger. Name and cOT1-elation.-The Patuxent formation measure, of large and small lenses of drab and iron-

The disintegration of the granite gneiss by weathering received its name from Patuxent River, in the basin stained clays which in many places contain concre-

~e ~~1~~ o:;;~~e~:'!t:~;:~l~~;:s :~~~~~r:~e=~~:: of which the deposits of this horizon were first rec- ,tions, flakes, or ledges of eartllY iron carbonate and 
After the decomposition of the feldspathic materials the ognized as an independent formation and system- I cellular limonite. Iron pyrite and gypsum occur 
rock becomes a. crumbling mass. Complete decomposi- atically stndied. Careful work showed that the II less commonly. rrhe clays may be 'either lami
tion results in a stiff red clay mixed with a considera- deposits formerly included in the Pot{)mac forma- nated, carrying more or less sand, or massive, 
ble proportion of sand and miea. The deep road cuts tion were readily separable into four distinct for- witll sUlfaces exhibiting slickensid~. Logs of 
between Chevy Chase and Washington exhibit this mations on the basis of unconformities and fossil coniferous lignite. usually deposited in a hori

~:::~~no~y~o~:!t~f s~!:e:r~~~~ ::: 1:!:JI:,n~n~: content (Clark and Bibbins, Jour. Geol., vol. 5, , zontal position and greatly compressed, are found 
exposed to drought, but on the higher Plateau surfaces 1897, pp. 479-506). I embedded within the formation. These logs are 
they are leaehed and poor. The presence of dieotyledonous plaids not known in places massed in well-defined beds of such 

JURASSIC (?) SYSTEM. 

The Potomac group of the Coastal Plain consists 
of highly colored gravels, sands, and clays which 
outcrop along a sinuous line from New York to 
Richmond, passing near the cities of Philadelphia, 
Wilmington, Baltimore, and Washington. The 
Potomac deposits are of great value because 1)f the 
excellent brick clays which they contain. All four 
of the formations which have been recognized as 
composing this group are represented witbin tbe 
Patuxent quadrangle. As stated in the descriptions 
which follow, the two lower formations are here 
tentatively assigned to the JuraSsic system; the 

positively to exist earlier than the Cretaceous has thickness and extent as to be of local use to the 
led paleobotanists to regard the Patuxent as Lower miners for fuel. Occasionally large stumps are 
Cretaceous: }'bntaine, in his study of the Patux- discovered standing' buried in the position in 
ent . flora, states that thwe is an "overwhelming which they grew, with the roots and trunks fos
percentage of Jurassic types," although he refeI'8 silized by iron carbonate and iron sulphate. Seeds 
the Potomac flora as a whole to the Cretaceous. of plants are found near some of these beds. 
As will be shown later, the Patuxent formation Locally the clay is charged with comminuted 
lies unconformably beneath the Arundel, in which lignite, when it is termed "charcoal clay" or 
vertebrate remains of Jurassic types- have been dis- "charcoal ore." Here and there this "charcoal 
covered. It would thus seem that the evidence clay" bears osseous remains. Near Muirkirk, a 
furnished by vertebrate paleontology and paleo- short distance north of the Patuxent quadrangle, 
botany is not in strict harmony. Clark and Hatcher obtained from it dinosaurian and other 
Bibbins' are inclined to regard the evidence fur- organic remains. Where the Arundel formation has 
nished by the fossil vertebrates as being perhaps been exposed to the atmosphere the carbonate ores 
more reliable for correlation and to regard the have at somfl places changed to the hydrous oxides 
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of il'OIl to a cou~id(>nthle depth. 'Vhere thic lUIs LitlwloiJie (;hnmclcr.-The l'i\tilP,"lCO f()l'lllatioll it' days 111'(' not· ~o highly eolort'd. \Vhitc and buff, sllballgnlaJ' (lI111l'tz grain . .:; which rauge in ('0101' from 

occun-ed. claYf:i which were originally drab colored 'I composed chiefly of highly colo~ed and variegated sauds; stratified sandy days, light ehocolate ill i pure white to a dark ferruginous brown. AYmauy 
have become red or variegated. Along the weRiern clays, interbedded with sandy daYR, sands, and color, in pla(~eR containing leaf impressions; light- i places lenses or bands of brown ~13nd o(,,cHr within 
margin of the formation the material hC''('olIlcs }lTC- g-l'avels, the materials of diftf.rent kind:;:; grading colored argillaceolls sands fLnd sandy clays ("funer's the li,ghter colore(1 sanof'l. Normfilly the depositf'. 
naceous and locally consists oflenses of sand. ,into each othcr bot.h horizontally fl11d vcrtically. earth"); and white, yellow, drab, hluish drab, and of sflnd are loose, yet locally the i1'on derived fronl 

The section exposed at. the Muirkirk iron mine, In many places the al'ellflcrous material in the vicin- variegated clays all occur in deposits of this fLge. this and adjacent formations has firmly cemented 
where the best dinosaurian remains thus far obtained ity of clay heds is indurl1ted to a conglomerate or The drab clays are here and there lignitic and pyr- the grains together to fmm an indnrated iron Rand
from this format.ion were fOllnd, is as fol1ows: rough, irregular, pipelike concretional'Y mass called itiferons, fLnd in pll1ces exhibit parting;;; of sand r st.one or conglomerate. A thin ledge of such n 

"pipe orr," The vtlrif'gated f'lays exhibit a great indurat.etl with m:nnmill:Hy limonit.e. Ledges of': sandRtone neflr the Catholic Clnm::h west of Priest 
variety of rieh and (lelieah~ tints in. irregular pat- sandstone; indurated by iron oxide 01' silica, are Bridge forms a. small wat.erfall in a t.rihnhlry of 

F~t terns. In places t.hey gr:1de downward or horizon- common. The light-colored ~allds show in TTlfLlly Patnxent River, .rust below O\'erlook Inn, on 
tally into massive eltlys of chocolate, drab, and localities large hlotches of red ocher, locally desig- East 'VaBhington HeightH, there i" a ledge of' 
hlack tones, locally carrying lignite and pyrite and nated:ls "paint pots." The Raritan deposit" ('a.n massi\"e brown sandstone of this eharacter. lA,~'" 

SJer:Uo-n at iron mille, Muirkirk, Md. 

RECEX1'; 

Surface wash, consisting of loam aIHIgravcl._ 
PATAPSCO 

Sands and gravel. indurated in places by iron 
Ol:hle and contllining silif'ified trunks of (~on-

lfassive stratified, mottled and nl.!'leg'<l 
ted elays and sandy days with re(leposited 
nodni('1! of iron earbonate and some limon, 
ite, pebbly at I.mse, flanking tbe subjacent 
member ~ 

ARl.'NDEL; 

l\IassiYe blue day with flakes and nodules of 

In in some places contnining iron ore and leaf impres- not everywhere be sep:lrated with ease from t.he I ('ommonly the Magothy quartz sands are f'ementcd 
sions. The sanels, ·which arE:' very commonly cross- underlying Patapsf'o stratH, but t.herr ii:; much less, t.ogf'ther with silica to form wry hard siliceollR 
hcdded, here awl there carry deeomposf'd grainR of difficulty in separating tllf'm from those of the over- salHIRtones, which from their lithology NlJI sL'3,reely 
feldspar and pellets of white clay, A red oeher lying .Magothy formation, whif'h are much mort' be distinguished from siliceous sandstones of Palc-

HoLl 'that is loertlly kllown as "paint rock" or "paint.' uniform in charaet.er and less highly calOl'e(l. ozoie age t.hat arc quitE' unlike the usual CO:1st.al 
stone" iR not uncommon, nnd limonite Witll hot.ry- Paleantf)logi(' rhar(wter.-Both :1llimnl and plant Plain materials, The vcry hard white I'mndstont' 

iron carbonate and containing bones amI oidal surfaces is foullll at various horizons, l'emains haw~ been f()uI1(l ill the H,'uit.an format.ion, ro('ks well expo!'led on cit.her Ride of' the puhlic road 
:-~~J;fl:~i~'~:~~Sa;fb~~~~-("ehaL'coalon,). ~l)to40 PalCf)nloloq£e elwmeicl',-The Patflpsco formation but. as in thc case of other formations of the Poto- Hbollt It milf'R north of Collingtoll rcprl'f'lent this 

TOllgh hlue eln.y eontaining' iron em'bolLate eontains a ;'ich flora of ferns, cycfJds, conifer,;;, ; tHac group, the known fauna is very s('tlllty hoth phase, 
P~;:~~~:~d; Ulllonnt exposed__ 1{) monocotyledons, find dicotyledons. The tlicot.yle- I in individuals and specieOl , the flom bE'ing much The nrgillnceow'l ehameter of thC' Magothy is 

donous plants st.ill eonst.itut.e a minor element as more abundant. Logs oflignitized eoniferl; exhib- wry prominent in some lOf'alitief'l, although it is 
Paleontolog,ic eharaclf'1',-The fossil flom of the compared with the other t.ypes of vegetation re))re- iting teredo borings hayc occasionally been found, usually sllhRidiary to t.he arenaCf'OllR phase, The 

Arundel formation includes thallophytf's (?), ffmHI, sented, The mnge of genera and ",peeies is limited, and in ~e\v .Jf'l'i'ley the formation has yielde(l,"Iome day commonly oecun:; aR fine lnmillrc alternat.ing 
cyeads, conifers, monocotyledons, Hnd tlicotyle(lons. the gl'3de of or~anization low, and the Ilumbcr of honeR of a plesiosaur, Ko dinosflllrian w'maiTls with the sand laven,:. Drab is the characteristic 
Bv fm' the most. common of t.heRe are the conifers, indiyiduals Rcarcely grf'ater than in the prpceaillg haye thm fin heen found in Rarit~m I'ltrata, eolor of the ).[ag(;t.hy cla)" but here and there the 
with whose lignitized trunks the days nre, in places, formation. The fhuna of the Patapsco ('onsiRti:1 of The flora of the formMion includef'l ff'rm:, fi'OlHls presence of considerable veget.able remain."! renders 
densely pflcke(l, forming local beds oflil!.'nit.e. That a few molluseall shell" aIHl a f'.illp;lC dinosllurian of cyeadR, eonifers, monoeotyle(lons, ana tlicoty- it hlaek. The \'egetahle materia.l may he finely 
t.hese are la.rgely sequoian trunks is Ruggcsted by limh bone. This lat.t.er fossil, which ,,,as ftlUlld at. IcdoTlR, the last-named forms beillg pal't.ienlarly divitled or mny Q(:eur ill t.he form of iarge piee;s 
the eommon assoeiation with them of the casts of the sUl'faee of thc formation, was much WOTH I1m1 cOllspieuollR and relati\'f'ly modern in aspect, The of lignite. Thus fnr no bright-colored da~'s haw~ 
sequoiall cones preserved in iron carbonate, Leaf may h:we heen redeposited from the Al'IIndel. I Rarit:11l has yielded no silieified trunks of cycads, bef'u recognizf'd in the )b,got.hy deposit.." 
impressions are also present in the i1'on ores. Na}}w and corre/alian.-The PatapRC'o formation so fill' as is "definitely known, and in this l~Rpef't The Magothy ctln usually be (liffercutifJted from 

The animal remains, ""hile nowhere abundant, ' receiyed itB llfl.me from Pahlpseo Uiycr, in whose I ita flora iR sharply contraRted with that of the the unoerlying Raritan formation by its lack of 
represent a wide variety of forms, The,\' inchule valley it is typically exposed, Patapseo formation, massive beds of brightly colored vl:ll'iel<a1.ed elay, 
worm or insect borings, pelecypods, gasteropods, The presence of primitive dicotyletlonolls types Nanu' (('lid (:orrdation,-The formation receives and by the greater variability in the dll1raeter of 
tlinoRaurs, turtIeR, and croeodiles, The J)inosauria, together with ot.her plant. remains early led the its name from Haritan lU\'er, Ne,,, Jersev, in the its materials. It can be more easily distinguishe(l 
of which a number of species haw~ been recognized, paleohotanish; to refer dw Potomac bcds 1113 a whole baBin of which it is typically devel~ped. It from the overlying l\fata""an by t.he almost ('OHl
p;reatly predominate. Oue of them was about 40 to the lower Cl·etllceous. Later, work bv CI:lrk inelutles the l1eposits long called the PhlSt.ic pletc abscnee of glauconite (although small poekets 
feet in lengt.h, The oceurrence of t.hese animals aud Ribbins showed that. the depo"its wh"ieh had days t.he New Jersey Geologienl Smvey, of green sand hayc been fOllnd in the l\Iagothy at 
points to the probable Jurassic age of t.he Arundel been included nnder the name Potomac f'onf'.isted On t.he of the plant fosf'dls, whidl ~how a. fI few localities), by its lack of homogelleity, and by 
formation. in realit.Y of four dist.inct formations, The lower marked J'esemhlallce to forms of Lower CretaceouR it.s variat.ions in color, }I01'eOW'l', the :Matawan ill 

Name and eOl'l'elation.-The Arundel formation two carry a Jurassic fauna and type~ of dicotyledons age in Europe, the formation ha."I been regarded af'l Maryland usually contains considerable amount:,; 
received itR name from Anne Arundel County, : still more archaic t.han those found in thc upper represent.ing in pa.rt the Xeocominll-Alhian seri('B, of mif'!t in small flnkcs, whereas the l\fagothy COI1-

where t.he deposits of this horizon arc typically two formations, This led to the separation of the Tkidau;'Ii,~,-'Yithill this arca of outa'op in the taiIls littlf' mica. 
developed and welt' exposed, two lower formations, the Patuxent. and the Arlln- : Patuxent quadrangle the Raritan formation i!'l P(Jieonfoloy-ic r:haradeJ'.--In this qnadrangle the 

Although dicotyledonous plant.s have been fOllnd del, from the two upper, the Pfltapseo and the Rflri- i relat.iyely t.hin in eomparicoll with its thickness only organic relllnius thus far recognize(l in thf' 
in t.he Arundel deposits, yet the presence of saurian tan, The former havc been 1'cfrrred tent.atively to I f:1rther northeast. The estimated IHaxinlllm thiek- IVla,!2:01hy are leaf impressions in thc dmb days 
remains that seem to helollg to undoubted .Jurassie the .Jul'fIssic; the latter are still referred to ~ the ness toward the extreme eaRtern mflrgin of the belt tlmt oeelll' in thin laminm alternating with lnyers 
t.ypes has caused Clark and Ribbins to refer this Lower Cretaeeous. of ontm'op in this quadrangle is about 100 feet. of Band, Although most of these are fragment.ary, 
formation, together with the Patuxent, which uwler- l'hickn('jj$,-Thf' thickne,'ls of the Patapseo is The tllickncss of the formation seems to increase many identifiahle forms arc prffienL At Cliffwootl 
lies it, tentat.ively tQ the .TnrasFlic,l1s stated in a somewhat variabk, gratlually increasing to the tOWfll'd the southeast beyond the line whf're it diR- Point, on the coutll shore of Rariblll BfI}" New 
preeetling section. southeast. Within tllis quad-rangle tlle out.erop- appeal'S beneath later de'posits, .Jersf'Y, heds of this formation have yielded n eotl-

Thieknes,q.-The maximum t.hiekness of the ping thicknei3s is abont 100 feeL In ,'lome places, 8trat-igraphii(; J'e/aliom,-The H.arit.an unCOIl- siderable flora anrt a marine fauna. The flora 
Arundel is 125 feet or more and the formation enst of its outcrop, thefol'mation iR est.imated to have formahly o\'e1'1ics the Pfltnpsco formation, and studied by Ben), (Bull, New York Bot, Gard" vol. 
thins out and disappea.rs in some arens, At. 'VfJsh-; a thickness of about 200 feet. is sepa.rated from the {)\'erlying :J.fagothy hy :J, ~o, H, Hl03, pp. 45-103; RnlL TorI', Rot.. Club, 
ingt.on, as shown in the well boring at Capitol HiJI, Strafigmphic relations.-The Patapsco formation :1 another marked ulleonformity, Tli the region vol. 31, 1D04, pp, 07-B2; vol. 82, pp, 4:1-48; Ann. 
if the referenccofthis ma.t.eria.l t.o thcArundel for- eif;;ewhcre overlieR the I)atuxent.'or the Arundel of iti:l out,l'rop, Pleistocene deposits of th(} Tal- Rept. Htate GeoL New J·erser for 1 HOri, pp. 13l5-
mation is correct, the thickness is ahout 130 feet. formation of the Pot.omac group, nlld in this region bot, 'Vieomieo, and Suuderlnnd formations ovcr- 172) is Ilotnhly \'l11'ie(l, oycr 100 speeies having 

Stmt(fJPrtpMe :reZations,-The Arundel format.ion it probably occupies similnr relation~, although the! lie the edges of the Ital'itall and generally coneen] beell dt.'seribed. The flOI'll presents many points 
of t.hiR quadrangle overlif's the Patllxent find is few deep-wcll sedions are not eomplete enough t.o the depositR from view except, where erosion haR of similarit)T to that of the Raritan, yet. it 'eont.ains 
overlain hy tile Patapseo, with both of which it is determine certainly the character of the contad: removed th~e later beds, The st.rike and (lip of 4D speC'if's that are peC'llliar to the l\.fagothy in this 
unconformable. 'Vhere the Patapsco has been with the llll(lerlyillg bers. It is overlain Il11Con- : the llaritml fOl'mation correspond dosely wit.h t.hose cOlll1iry, one or two of 1.he Humher having been 
removed by erosion thc Arundel is overlain unf'on- formahly by the Raritan' formation for the most 1 of thc P~ltapseo, The normal dip of the hasal beds found in Europe. The most common fossil plants 
formahly by elay, f'llInds, :lud b'Tave1s helonging to part, fllthougll here and there in the region of its is about 30 feet to the lnilf', hili this inf'reaReS of t.hat locality al'e the imperfeetly petrified cones 
t.he La.fayette amI Columbia deposits, The strike outerop it. is covered by Pleistocene deposits belong- townnl the fall line. of Other common Bpecies 'fll'e 
nnd dip of t.he Arundel formation are approxi- ing to the Talhot and 'Vicomif'o f?rmntions. The {"l'l'lm ('HET.\('Eon' ><Jmn:,;. Dmnmara eliffu'ood-
mat.ely the same as those of the Patuxent. Tlw ,!2:eneral st1'ih~ of the Pat.ap,"Ico correspollds praet,i- cn8£1i, Sequo£(J Berry and Hol-
usnal dip is 40 to 50 feet to tlw mile, hnt there is a i eally to that of tllC formatioIl" which lie beneath it. MAfWTHY IWltMA'I'ro~- lick Stil.tC tlmt the flora of the "Cliffwood heds" 
well-marked incre.HBe nellr t.he fall line, whel'e the I The normal dip of the basal beds is southeast.ward Al'Nrl di.~tribllfion.-The :\Iagothy formation out.- ! shows Cenomanian elim'nct.eristie'l. 
average is about. 72 feet. to the l11il(', At 'Ynshing- I nt the rate of :3:) t.o 40 feet to the mile, hilt the dip, crops in diBeontil.1U.OllB arens.in the Patuxent qnad-I The animal remains described hy 'Veller (Atlll, 
ton it il'l n(l feet to the mile. like that of' the preceding formationR, inereasf'S rangle, extending fi'om tll(, Patuxent Riwr valley Rept. State Geo1. New ~Tersey for 1904, pp, 1113-

toward tile fhlliine. in tile vicinity of' Prie!'lt Bridge southwestward to 144) from the Magothy at. Cliffwood Point were 
CItETAC.EOlJ.'l RYSTEM, 

the Potoma~ River valley jH~t. heyolHl Ccmgress found in smooth concretionary nodules in a day 
IIf'ights. Tt. tloes not. our.cl'op" in a continuous bed or lying loose on the heaeh, where they were 

A.1'eal (h~LribuLion.-In its wider distribut.ion the' belt because of an overlap of the }faiawan, which, left hy the eroRion of the f'lay beds that origin:l11y 
PA~'Al'SCO FORlfA'rION, Raritan format.ion has bcen recognized from Raritan is in some places snfficient to bring that fOl'mat.ion contained them, The fiwna. is characterized by the 

A'I'cal d£8Iriblllion,-The Patapseo has a more Ray, ~ew .TerRe v, to t.he basin of Potom:lC River, in immediate eontad. with the Raritan, An oeclll'- presencc of great llumbrl'S of Cl'ltRtacea,n reTTlfJins, 
extended development. within thi" quadrangle than ha~'ing a morc' extensive dish'ihntion tha.n any renf'e of this kind can be St'f'll about: t.lll'ee-fomths Some portion of a crab seems to have been the 
(~ither of the two preceding formations. Its outf'rop OthN Jllcmher of the Potomac group. In the north- of' a. mile west. of Brightseat. The best exposurt's nucleus about. which the nodules were formf'd in 
is confined t.o t.he northwl'Stern portion of the westel'll ])ol't.ion of the ratuxent quadrangle it. is lie from half a mile to 3 miles west of PrieRt Bridge :llmost every instimce. Pelecypods, gasteropods, 
quadrangle, extf'll(ling from Anacostia northenst.- represf'nted by a. narrow out.crop whieh crosses the and along the west slope of Gooll Hope Hill from and cephalopods also o('ellr. The most abundant 
ward to t.he boundary and occurring in nanow flrea in a sinuous li11r from Ilort.hp,ust to southwest St., Elizabeth's to thf' junction of Renning and forHls fLre the following pelecypods: Trigonruca sp" 
hands neal' tllC hendwaters of a few of the streamR and is also present nea.r the headwaters of f'lome of Bowen roads on the Dish'iet line, JYnculana protexi(l Yoiditr evaNJ)i, 
south of Ana{'ost.ia, To the southeast of this out- dlC creeks along the western margin of the (lltad- L£tholog£c chamet.eI',-The ~fagothy formation is Ve1ed(t Gorbula RP" 
crop it i8 supposed to extend over the entire guad- rangle, It. tlips undf'r the overlying stmhl and is composed of extremely varied materials and may (m(l among Crnstacea liubquad-
rangle, underlying all the formations of Intel' age, belie\"ed to extend over the ent.ire area of the quad- , change abruptly in eharactcr both horizontally and mtus, These al'e of eonsiderable importanee, fm', 
In itF! wider distribution the Patapsco formation htlB rangle heneath t.he younger formationfl. i vertically, Loose sands of light. ('0101' al'e the most, with the exeeption.of a few forms from the Raritan 
been recognized in discont.inuous outcrops from t.he Litlwlogi(! ('haraeta,-The Uaritan consists of I prominent cOllstituents, Thesc sands usually show in the same area, thev Hre the earliest ma1'ine fossils 
valley of Sehuylkill River, neal' Philadelphia, to I yariable mat.erials similar to those composing the fine laminations and locally considerable rross- i found in t.he deposit; of the Atltlutic Coast.'tl Plain. 
1.he yalley of the Potomac, in Virginia, PatapRco formation except thnt, in geneml, the hedding, The slmd consist;:; of COHrsC', rounded to I 'VelIeI' states tlwt t.he assemblage of forms eonst.i-



tutes a distinet faunule which more nearly resem- some places the deposits consist. uln.).ost cutirel,Y of The Monmouth bed~ of Ne\ .... Jersey, which a.re att.ain a thickness of] to:>' feet. Several exposUl'eS 
hIes the faunule of the ).Iatawflll formation than black clay; in others, part.icularly where the upper continuous with those of this region, h~ve been dif- of the Aquia formation, showing these iron segre
any other. heds are exposed, the arenaceous phase is predomi- ferentiated illtothree members. Thesedivisionshavc gations, are t.o be seen fn the regi.on of Rutland 

-,-Vame and carrelalion.-In 1803 Darton (Am. nant awl the beds may consist entirely of sands i not been recognized in the Patuxent quadrangle. and Riverview. Near Upper Marlboro there are a 
.Jour. Sci., 3(1 8er., vol. 415, pp. 407-419) descrihed varying ill color from 'white to dnrk-greenish black. Paleonlo[og'i(! chamder.-The .Monmouth forllla- few ledgeR of ilHlumted marl from whieh numerous 
cE'rtain depo::!-its in northeastern :Maryland for which \Vhere the glauconite deeOlllpOf'les, the iron oxidizes I! tiou is generally very fossiliferous atid the form;,; speries of fossils IUlYe been obtained. This is one 
he proposed the name ,Magothy, hecause of the and the materials are stained reddish brown, find arc usually well preserved. They consist of fora- , of the lm·liest and best known localities for fossils 
f'xeellent. exposureR of the heds along ~i(agoth.r may eyen hecome firmly indurated hy the iron i miniferl3, pelecypods, gasteropods, and cephalopods. !' in t.he Eocene of the At.1antic slope. The fo11ow
RiveI'. Later work in J[arylawl sc'emed to ineli- oxide. TrOll pYl'ite is also a eommon const.ituent: Among the most abundant are J!.'.cogyra cosia.ta. , ing section iR expoBeel: 
("ate tlnlt these deposits rep;eRenteel merely phaseR and in places a Rmall layer of grayellieR nt the Gryphmf1 'L'esicularis Lamarck, Idonea1'ca 1}tti- I 8eeiio/t ~(l8t of tm·dge (It Upper JlaJ>II)()To, .Ud, 

of deposition within the Hl1l'itnn. On this snppo- basc of t.he formation. Although the l\IatHwall ! Morton, Cardium, pNelongaturn 'Vhitney, and XA:S.JE.UOY: 

sition the bedR ,yere Ttll1inly ineluded in the Hari- (·ontainR varied matE'rials it iR much less variable a1ner£cana Morton. They are typical Uiallconitie elny" _ 

tan, the fossil plants des~ribed from them were than formations of the Potomac group or tIle Upper Cretaceous species. Pink. clay, without glallcOllite or fu~~ils _ 

enlled Raritan forms, and t.he stratigraphie break: l\-Iagothy furmation, and throughout its extent in Name and cO'l'1'elalion.-The name of dIe forma- A(}U~~;~:S:I~~C~:~i:i~l:~~xe!: 
hetween these and the underlying beds was attrih- Maryland can generally be readily recognized by tion waR first. proposed in 18!)7 hy W. B. Clark Shell marl 'with G'lbbula 

lIted t.o contemporaneous erosion. In Xew Jersey I the' pl'e'vailing dal'k-colored micaccous ?;lanconitic (Bull. Geo1. Soc. America, vol. 8, pp.315--358), 
the ~:[flgothy deposits in the vieinity of Philadel- sand of which it i~ ehiefly composed. \\'hen it was decided to combine in a single forma
phia were placed in the Haritan, while those in the Pal<:l)ulo[Oftic clumlCler.-Althou~h the l\latawnn tion the deposits formerly included in the Nave
region of R.aritan Bay, Hnder the name Clift\vood formation Htoi a whole can not. he regarded as sink and Hedhank formations. This name was 
b~ds, were br SOHle included in the extn'tllelv fossilifel'ons, yet it contains band.s in suggested by Monmouth County, N. J., ,vhere the 
Matawan on l~econnt th(' presence of glauconite which o'~'gallic remains "arE' erowded t.ogether in deposits of this horizon are cliaracteristically dC\Tel_ 
and t.he ,!!;l'eat. percent.age of post-l~aritHn plants and great. ilhundnnee, Such n hand OCCUl'S in the oped. It was employed for the term Lower Marl 
marine invertebrateR, anel by others were plaeed in eutt.ing where tll£' Chesapeake Beach Hailway hed of' the earlier workers in ~ew .Tersey. On 
t.he Rarit.an. Reeent studit'S of the fossils and crOsses Ccntral a\'enne jnst east of the District the basis of its marine fauna it iR correll1ted with 
('areful st.ratigmphie work in the field, however, have line. In ~ew Jel'Rey as well a~ in Maryland t.he "Cpper Senonian of Europe. 
;'o'hown t.hat t.he l\lagothy should be regarde(l as a the formation hal" yielded a varied fauna. of fora- ThidCilc.~,~.-The maximum thickness of the 
distinct formation, on both ':1tratigl'aphic flud pale- minif'ers, pelecypods, gasteropods, seaphopods, awl ).follmouth formation along its outcrop in the phrP()~'tMl 
ontologie gl'onn(lR, and thel'le transitional beds from ammonites (Bull. Oeol. }4or. Ameriell, YO!. 8, lHH7, area of the Patuxent quadrangle is from 40 to AS 
New Jerse)' sout.hward have heen referred by Clark pp. ;]80-331). 50 feet. Tn northern New Jersey it. is about 200 
(Am. Jour. Sri, 4th s('r., vol. 18, 1!)04, pp. 485- ;.YaJlw and cOTI'elalioJl.-Tll(' for Illation has feet thick, but it stendily decr~'ases in thickness Paleonto[o!J'tc dW.'JYfcter.-A great many fo:';sils 
-440) to the l\Iagothy formation aR defined by Darton received its uame fi·om }Tatawall Creek, a trih- along the Rtrike southw~stward, until it finally are to Le seen in the outcrops of the Aquia along 
tOI' the l\Iarvland area. Uhler, in several articles utary of Raritan Day, in the vicinity of whieh disappears as an outcropping formation in the South and Patuxent riY€l'S and in the valleys of' 
(,frans. IHa~y1and Aca(l. Sei., vol. 1, 1888-18D2), the deposits of tlliR horizon are extensively and north-cellt.ral part of this quadranglE'. Piscataway, Monmouth, and Nanjemoy creeks in 
nallled a grollp of heds the Alternate gand serip~'l. typically developed. It was proposcd by 'V. B. Sirali,qraph'ic :l'elai,ions.-The Monmouth is con- l\fa.rylao(l, and of' Potomac and Aquia creeks in 
l\fOfoit. of these fire now placed in the Magothy. On Clark in 1894 (Jour. Gcol., yol. 2, pp. IGI-I77), forlllable with the underlying Matawan and with Virginia. An idea of the variety of fossils that 
the basil,; of the flora f1:Hllld in the hed" at Cliffwood and l'eplaeed the t.erm Clay marlR, previously Ui:led the Uancoeas, whieh overlies it on the East.ern ! occur in these localities may be gained hy consult.
the formation it:' proYJ"ionally correlated with the hy t.he New Jersey ~eologist". The fossils of the Shore of ::\faryland and in Delaware and New ing the seetion abo\-·e. The fossils of this forma
Cenomanian of EUl'ope. )Jatawall formation fllrnish evidenee of its Upper Jersey. 'Vithin the ratnxent. quadrangle it is, tion have been described and illustrated in the 

Tkickne,iii.- \Vithin the Patuxent quadrangle Cretaceous Hge and a.ppa.rently indicate that the overlain un('onformahly by Eocene and Pleisto- report on the Eoc~nE' issued hy the 1\Iaryland 
t.he maximum thicklless of the )fagot.hy formation beds repl'csent a part. of t.he Senonian of Europe. cene depm;its. The ).fonmouth iR readily dis- I Geological Survey. 
if,; about 40 feet, hut in its wider extent the thiek- Tliickncfls.-The mHximum thicknes.<! of the tingnished from the l\Iatawan, as it lacks the JV({nu: and ('ol'rclation.-The formation receives 
nf'Sf; i" extremely variable, reaching a maximulll of ~lHtawan ocrms along' North Run and is abont darker colored miellceous sands and mnrls of that its nallle frolll Aquia CreE'k, a trihut.ary of Potomac 
about 100 feet. This variability iR (hl(' to greater : 4~) t.o 50 feet. From this run the f(Jrlllation grad- I formation. From the Rancocas it is diRtinguished River in Virginia, where deposits belonging to tJlii') 
deposition in some regions than in Ot.llPl~ and also I ually thinR toward the sonthweRt until it iR not. ,! by the great predominance of reddish-brown sand. horizon are eharaeteristically developed. This 
to the removal of {'onRiaerable .')Ia.~ot.h~· mat0Tinl more than gO feet tlliek in the exposures along The Aqllia contains much more marl. The strike name was proposed by \V. B. Clark in 1895 (JohnR 
in cert.ain nl'eaR. Henson Crf'ek. Like manv ot,hel' Coast.al Plain of t.he :Monmouth formation is from northeast to Hopkins Univ. eire., p. 3). 

,'JYtmii.q/"((phi(~ I·elation,~.-Tlte ),Iagothy formation ffll"lnationR, the beds thieke;t tlR they dip henel.lth I southwest, and 1.he dip is toward the sOllt.heflst at The formation is correlated with the lower 
lies betwel:'n the Raritml nnd Matmvan formations i lntPI' deposit8, but. the reeor(ls of well<; which the l"flte ofahont ~f) feet to the mile. i division of the \Vileox ("Lignitic") of' the Gulf 
and is sepnrMed from eneh by all unconformity. have pelletrated these formatiollR in the eastern! TERTL\,RY ~Y;';Tnl. region. Aecordinp; to Dall (Eighteenth Ann. Hcpt. 
The line of {'ontaet between the l\Iagothy nnd t.he pmt of the guath-imgle are too ?;eneral to permit 'EOCEXE "'ElUE~, U. S. Geol. Slln~ey, pt. 2, 18!)S, pp. 327-:i4R) it, 
ltal'itan is very irrE'f.,)'ulal', in(licatin?; a. considerable the determinatiOlI of the amount of' thiekening. I'AJI('.YKRY MWT. represents n part of the Sue">sonian of Enrope. 
8rosion interval between the times of their deposi- Stratigmphic ')·(!1({rion8.-Tn plaees a marked 'lThichw8,~.-The Aquia formation iR about. lOO 
tion. Tn mnny plaCf'S the Magothy deposits fill unconformit.y ~eparatcs t.he ~Iatawnn fi·om the A(}IJTA FOR~ATIOK feet thick in this quadrangle and gradUftlly t.hiek-
pockets and old channels ,ill thE' Raritllll, ,The underlyin,!.!; .:\Iagothy formation, hut it is conform-I' Arnd d'iSti'iburion.-'Vit.,hin this quadrangle the enA towal'd the cast, heneath the later formations. 
nnconformity between the ~Ta.?;othy and the :\fat.a- ably overlain hy the l\fonrnouth. The separation Eocene is represented by hoth the Aquia and Strati!Jraphic nlalions.-The Aqnia formation 
wan is not RO plainly Illnl'ked; at many places theRe between the Matawan nnd Monmouth is made I Nanjemoy formations. The Aquia is exposed overlies t.he Monmouth unconformably and is 
heds i'!eern to he eonforlllahie. lndieatiolls of ehiefly on the basis of change in lithologie dwr- I throughout a. broad helt, 10 miles or more in width, overlain eonformaLly by the Nanjemoy forma-
el'osion intrTyal may he seen in Rome goo(l expo- acter, but in part on that. of the fossil contents. extending from th8 northeast corner of' the quad- tion. \Vhel'e t.he ~an.iellloy has been removed 
I'lnres, howe\'er, and in the area of 1.he Pat.uxent. Although some organic formR range through both rang1e southwestward as far HS "Testern Branch of hyerosion it is cO'Trcd by Miocene, Lafayett.e, or 
quadrang'le between Patuxt'nt and Potomac rivel'S the )Iatawan and l\Ionr;lOuth, yet each formatioll Patuxent River. Beyond the latter point the for- Pleistocene !)ed,'l. The format,ion has a llortheast
there if'! II marke(l uneollformit.y of overlap. has a few eharactl'ristic forms, the assemblage in i mation is blll'ied heneath later depositR n.nd outcrops southwest Rhike and dips to tile Ront.llellf<t at tlli; 
Hhol"t distanee 1l0rtheHRt. of' the District of Columbia each being OIl the whole fairly distinctive. The! only in a thin band near the headwatel'S of t.he l'I1re of about 12--} fef't to the llIile. 
line the }\Iagothy is entirely larking, its ahscnce D))'Iliation strikes from 110rtJwast to southwest and creek.,,> along the western margin of the quadrangle.' 8I1bdi'i'il!ionB.-The Aquia formation hns been 
being due to an overlap of the ")Iatawan, which I dips sontl18l1st,wanl nt, ahout. 213 feet. to the mill". The Aquia formation dips to the sontheast and is I suhdivided into two mcmhel'S 01' sllhstHgE'S known aR 
rests upon the Raritan. Farther sout.h it again ltro~}I01lTH FOmrA,'l'IOY, supposed to underlie tlle youngpl' Eocene and Mio- Piscataway and Paspotansa, which I1re distin?:uif<he(l 
makes its appearance. Tn the region of its outcrop eene beds throughout the Houthem portion of the i from each other by their contained fosRils. 
the formation is ill mnny phH'es overlain hy Pleiet- Arm/ d1:,~lribution.-\Vithin this, quadrangle the area. In its 'wider distrihution it exwndR from Vir- I The Piseatawa): member waR named from ,Pis,.. 
tocene deposits. l\IOtllllOllt.h formation hns only a sli~ht develop- ginia nort.hc.lll:!tward acrORS Maryland to Delaware. eatnway Creek, ~Iary~anJ, where it iR typically 

The strike of the Magothy formation is roughly I meut.. It outel'OpS in t.he vicinity of Collington Litlwlo,q'ic chamctm·.-This formatioll consists i developed. The memher is characterized bv two 
parallel to t.hat of' the other Coastnl Plain forma- I and east.ward from t.hat plaee to Patuxent River usually of loose sand in which there is a consider- well-marked and rather persist.ent layers of~indn
lions-from northeast to southwest. The dip is !I and thenee southward along the hanks of the i able admixt.ure of glauconite, the latter in rated marls. It.~ thicknf'Rs Romewhat exceeds 50 
Hont,heastwlml, at ahout ;)0 to )35 feet to the mile, ,!;treHm to the vicinity of Governor Bridge. It I' making up the body of the formation. 'Vhere the feet. It is further ehamcterized by a fossil fa.nnll 

MA'rAWH FOm(A'I'IO~, ,al1;,o occurs in the valleys of the headwaters of I material is fi'eRh it ranges ill color from a light blue mHong which arc the follow'ing" forms: 
I Sout.h River. The Monmontb dips to the sont.h- I to a very dark green, hilt in regions 'Nhere it has ThecaehamJl~a seri('(Hlou (?) COP'" 

""!/Y'O{ diiil'i'iou!1'oll.-Tn this qUHdrilllgle the 1\Iat- I eaRt an(l is believed to underlie the Eocene and heen exposed to weathering for a,.considerable tiIlle Syuechodm darkii Eastma.n 

awan format.ioll is found in a Rinuons line extending, \fiocen(' deposits to the Routheast, of its outcrop. I it has assumed a reddish-brown to light-gray color~ OdontaRpis elegallH (Agtt8Sir.) 

from the head of Sonth RiYer sont.hwet:tward to! In its wider diRtrilmtion the formation haR heen The bed" are in most placE'~'l unconsolidated, ~~~~~(~~:~~~;~l~~r;:i:~~~~~'COnl'ad. 
Henson Creek. Throughout this areH it il:! exposed reeo~llized by outcrops in a zone E'xtending fi·olll a.lthough locally some have hecome very firmly ;:~'~b~~:U~c~~;l~:~:~~ ~~~;~~Ck, 
along the margins of the streams, hltt is ('overed up. tIle nort.heastern portion of this (juadrangle to inaurated by oxide of iron. Small, well-rounded Textularia subangnlat.a D'Orbigtly, 

The Paspotansa member was na.med fi'Olll Pm~

potallsa Creek, Virgini<l. It consistl'l of a bed of' 
greensand and .e:n'e~salld marl somewhat less than 
;5() feet thick. Among the chal'aeteristie fORsils of 
thiR member are the following: 

hy younger material as it pas.'lE'S under the divides. Uaritan Bay in New .Jersey. pebbles ('oated with iron oxide occurin a few plaees 
The :Matawan reRembles the other Cl't'tHeeou" f'or- Lithulogic dW,'j'ader.-The formation iR prevail- neal' the basc of the formatioll. These gravels are 
mations in having a (lip to the southeast which iu~l'y arenaceous in character and unconsolidated typieaUy exposed about a mile northwest of \Vest
canies it beneath later. deposit~. It. undollhtedly I ex:eept \vhere loudly indurated hy th.e segregation phalia and in nltmerous pInees ahout Collington. 
underlies the entire quadmuglc to the southeast of of ferruginous material derived from the glanconite. About half a 1uile southwest. of' Collin~ton this 
the line of ontcrop. In its broader rlistribntion : The sawls compoRing thc Monmouth deposits vary pebble layer, whirh is about 2 feet. in thickncs", has 
t.hrough the Coastnl Plain, the l\IatawHIl formation l' in eolor from reddish brown to dark .!)'reen or ncarl)' been cement.ed by ferrnginous material into a hard, Hythocypris Suba-qllata elridl, 

to> • 1'ienrot.Qlna harrisi Clark 
extends as a contillllOUf< seriE's of outcropping blaek. Tht' frcsh material alwaYR cont.flins eon- compact rock that has heen llsed for huilding Cancellaria ~raciioides Aldrieh \'al', 

deposits from Rnritan Bay t.o Potomae RiH'r. : siderahlc glauconite and this gives to thc deposits purposes. \Vhere the Aguia deposits have been 6~~~!~O:O~~11~;::\~;::=;:~1'(H('ilPl'ill)' 
~ifholo?ic ch(fJ:(J;·Ie/'.-'l~he. :Mata.war~ eonf:>i.stB I t~lCir dark color. In theil' mOl:e weathererl P?r- exposed to the action of the atmosphere, as on the Calypt.l'aphorusjacksoniCla.rk. 

dlleflyof glaucol1lhe sllnd mtllnately rrnxed WIth t.lOtlS t,he sands generally rnnge m eolor from rleh tops of divides, the iron present in the glauconite l)i~co~par~varians lilrich, 
I kId 1 1 ·1 11 th 1 tl t· 1 1 t dJ" I I b I h I b I'" ' Meillbranipora angnsta 'Clricll, (ar -co ore cay, ,,,,. 11 e a ,rong 1 Ie ma. ena I )rown o.re 1S 1 )]'own, ut at some paces t ey las een segreh'11te( to lorlll bands of iron ore. i 'rp:xt,uial'ia gramen D'Orbigny 

small flakes of mica are commonly foulJ(l. In 1Ire dark gTay. , These iron ban(h~ are very numerous and in places I ,-\nomalina ammonoides (Rell~l$) 
l'ntnxellt, 
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NANJEMOY FORMATION. 

Al'eal distribution.-The Nanjemoy formation is 
much less extensively exposed in this quadrangle 
than the Aquia. It is well developed in the head~ 
waters of the streams south of South River and 
extends thence across the quadrangle toward the 
southwest in a very circuitous and broken outcrop, 
In its larger relations it extends from Virginia 
northwestward through Maryland as far as Chesa

to Potomac River. [t is characteristically clayey, 
especially in its lower portions. It is about 60 to I 

65 feet thick and carries the following characteristic 
fossils: 

following fossils: Siphon alia de'Dwa. 
Ecphora trioostata, TurriteUa pkbeia, 
T. ooriabiliH, T. 'Dariabilis var. cum
berlandia, Poluniees heros, Corbula 
in(JJQualill, Pitaeoides anodonta, Cras
satellites meZinus, Anffrte cuneiformi'l, 
Pecten madisunins, Venita 1·Ueyi, Chione 
latilirata, Cytherea staminea, Mtdilla 
maxilfata, Atrina harrisii, Area sub
TfJstrata, (}lycymeris parilis, etc __ 

; thick, is greenish blue when fresh, but weathers 
\ to a brown or a light-buff to white color on long 
exposure to the atmosphere. In the extensive pits 
at Lyons Creek, where the material is worked com
mercially, the transition from greenish blue to buff 
is very consp~cuous. Cyprllla smithi Aldrich. 

Solen lisboneIlBis Aldrich. 
(1) LU<'ina astartiformls Aldrich. 
Perlplomasp, 
Ceiropora micropora Goldf1L'!~. 

peake Bay. On the Eastern Shore it does not out- This member is further subdivided into six zones 
crop and is so deeply buried by later deposits that whiC'll, together with t.heir chRl'acteristic fossils, are 
it. has not yet been recognized with certainty in fully discussed by Clark and Martin in the report 
well borings. already cited (Eocene, Maryland Geol. Survey, 

Lithologic eharaele1'.-The Nanjemoy formation 1901, pp. 65-66). 
consists primarily of greensand, which is in most The Woodstock member has been named from 
places highly argillaceous and locally calcareous, i Woodstock, an old estate situated a short distance 
with certain layers calTying abundant crystals and i from Mathias Point on the Virginia side of the 
C'rystalline masses of gypsum. The formation con- i Potomac. This member is characterized by fine 
tains considerable clay, espec~lly at its base, as I homogenous greensands and greensand marls which 
Ahown in the section at Upper Marlboro already I are less argillaceous than the underlying Potapaco 
given. The following section is fairly typical Hnd beds. It rang-es in thickness from 60 to 65 feet and 
cha1'3.cleristic of the glauconitic phase: contains certain chara.cteristic fossiJs, a few of which 

Section in ravine 1 mile soutit of Thrift, Md, are the following: 
MIOCENE: 

Lead-colored clay with Miocene fossils._ 
EOCB~E lNanJemoy-Potapaco substage): 

Dark argillaceous greensand __ 
Argillaceous greensand, paeked with Vene1'-

icardia potapacoemu __ 
Dark glauconitic clay __ 
Layer of Venericardfapotopacoellsis __ 
Greensand with many scattered specimens 

of Vllnericardia potapacoemls _ 
Line of concretions _________ _ 
Glauconitic clay with VenerWardla pota-

pacoemi.L __ _ _ 
Dark greens8nd __________ _ 
Layer packed with shells of Venericardia 

potapacfJen8is 
Argillaceous greensand _ _ _ _ _ _ _ _ 
Line ofconcrt'tions _____ _ 
Argillaceous greensand ________ _ 
Greensand with Venericardia potapacoen· 

sfs _______________ _ 
Dark glauconitle clay _ 
Layer of shells of Venericardia potapaco-

ensis __________ _ 

Dltrk clay with much glauconite. 
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Pyrula. penita. Conrad var. 
Meretrix lenis (Conrad). 
Led&. parva. CRoger .. ). 
Bpiropit'Cta clarki Bagg. 
Nonionina. amnis Reuss. 
Carpolithus marylandicus Hollick. 

The Woodstock member is. further subdivided 
into two zones, distinguished by characteristic 
fossils. These zones are described in the. above
mentioned report on the Maryland ·Eocene, which 

i also contains a full Jist of the fossils which charac-
: terize the member, 

A'real distribution,-The Calvert is by f.n· the 
, most extensive formation in the Patuxent quad
i rangle. Although it is largely covered with 

Lafayette and Columbia gravels, yet stream erosion 
Paleontologic chumcter.-A great many fossils has cut down to it in so many places that its di8-

are to be seen in the outcrops of the Nanjemoy tribution is very well known. It outcrops in 
formation along South and Patuxent rivers, along nearly every stream--cutting throughout the south
Piscataway, Mattawoman, and Nanjemoy creeks in ern half of the quadrangle and is represented by 
Maryland, and along Potomac and Aquia creeks outliers well up on the divides over a large portion 
in Virginia. An idea of the abundance of these of the northern half. In its larger distribution it 
fossils may be obtained by examining the forego- extends from Virginia northeastward across Mary
ing section. The fossils of the Nanjemoy forma.- land and Delaware into New Jersey. It has by 
tion have been described and illush-ated in the far the most extensive development of all of the 
report on the Eocene issued by the Maryland Geo- Cretaceous and rrertiary formations in this region. 
logical Survey, This statement might perhaps be extended to 

Name and correlation.-The formation receives apply to the entire Middle Atlantic Coastal Plain, 
its name from Nanjemoy Creek, one of the tribu- although not enough detailed work has been done 
taries of Potomac River in Maryland, in whose south of Potomac River to show which Miocene 
valley deposits belonging to this horizon are char- membeJ:'S are best developed in Virginia, 
acteristically developed, This name was proposed Lithologic charac(er,-The materials constituting 
by Clark and Martin in 1901 (Eocene, Maryland the Calvert formation consist of blue, drab, and 
Gaol. Hurvey, p, 64), In correlating the Nanje- yellow clay, yellow to gray sand, gray to white 
moy formation these authors remark as follows I diatomaceous earth, and calcarrous marl. Between 
(op. cit., p, 89): these all gradations exist. . The diatomaceous earth 

The only conclusion that can be drawn is that the 
Nanjemoy of Maryland represents such portion of the 
Chickasa.wan (Wilcox or" Lignitic") lIB lies above that 
represented by the Aquia, while the occurrence of the 
highly characteristic species, Ostrea sellrejor'lltis, in the 
Nanjemoy stage in Maryland, although not so numer· 
ously or typically represented as in the still higher 
strata in central and sonthern Virginia, points to the 
possible Lower Claibornian age of t,he highest beds of 

the Maryland Eocene. 

gradually passes into fine sand by the increase of 
arenaceous material, or into a clay by the addition 
of argillaceous matter. In a similar way a sand 
deposit. with little or no clay grades over into a 
deposit of clay in which the presence of sand can 
not be .detected. N otwi~standing this variety 
of materials a certain sequence of deposits is com
monly observed; the basal portions Of the forma
tion consist largely of diatomaceous earth, while 
the upper portions are composed chiefly of sand, 

According to Dall the Nanjemoy represents a clays, and marls, This difference in materials has 
part of the Suessonian of Europe. led to a subdivision of the formation into two 

Thickness,-The Nanjemoy is about 100 feet ""ID.embers, which .are described below. 
thick in the Patuxent quadrangle and thickens Extensive and excellent exposures can be seen 
gradually toward the east. along the bay shore from Herring Bay southward 

8tratig1'aphic 1'elat1:o11-s.-The Nanjemoy overlies and ~ at Hollins Cliff, Lyons .Creek, and other 
the Aquia conformably, but is overlain uncollform- localities o~ Patuxent River and its tributaries. 
ably by the Miocene, and in some places along The following section was measured on the bay 
the line of outcrop by deposits belonging to the shore 1 mile north of Plum Point: 
Lafayette and the Pleistocene. The formation has 
a northeast-southwest strike and dips toward the II 

southeast at an average rnte of about 12~ feet to 
t.hemile, I 

Subdivisions.-This form~tion, like the Aquia, I 

is subdivided into two members or substages, known' 
as the Potapaco and Woodstock. 

The Potapaco member is so called from the early 
name of Port Tobacco (a corruption of the word , 
Potapaco) Creek, one of the Maryland tributaries : 

Sect·ion 1 mile north of Plum Point, Md. 

PL}tISTOClI:lI{E: 

Vellowitlh sandy loam _ 
MIOCENB (Calvert): 

Ft. In. 
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Yellowish sandy clay ________ . ______ , _____ 19 

Yellowish sand ea.rry:ing Isoeardia fra-
terna ______ . _____ .__ 7 

Bluish and brownish sandy clay _ _ 25 
Brownlsh salld _____ . _____________ ._______ 4 

Bluish clay grading downwMd into brown ~ 
saud ___________________________________ 10 

Yellowish· brown Mndy clay bearing the 

Bluish-green clayey sand carrying Corbula 
ele'Data ___ _ 

Bllllilb-green clayey sand carrying imper
fect casts of Corbula eleData 0)---------- 10 

Bluish·green clayey !land containing large 
numbers of Corbtda ele1}ata _______ _ 

Bluisb-green clayey sand containing f08~il 
casts of Cot"bula eumata __ 

100 

The low cliffs which border Chesa-peake Bay 
: south of the pier at Fairhaven are composed of 

I
I diatomaceous earth with a capping of ColLlmbi~ 
grave1. From Fairhaven the diatomaceous. beds 
cross southern Maryland in a northeast-southwest 

I direction, following the line of strike, and are 
! worked at Lyons Creek on the Patuxent, and at 
Pope Creek on the Potomac, a short distance south 
of this quadrangle, They may also be found at 

Paleontologic chal'ucier,-The diatomaceous earth numerous places between these points, in ·cuts 
and the dark-colored clays represented in the Cal- made by waterways. Southeast of this diagonal 
vert of· this quadrangle contain abundant casts of line they gradually disappear below tide. Th.,. 
marine mollusks, almost invariably of small size. Fairhaven diatomaceous earth is further subdi
The fossils are allied to forms now living in lower vided into three zones that are recognized by t.he 
latitudes, thus indicating that the climate in this materials and fossils which they contain. 
region during the deposition of the Calvert mate- The Plum Point marls constitute the remainder 
rials was somewhat warmer than that of to-day. of the Calvert formation above the Fairhaven dia
The fossils of this formation have been fully tomaceous earth. At Plum Point, Calvert County, 
described and illustrat.ed in two volumes on the the beds are typically developed, and this fact has 
Miocene issued by the Maryland Geological Sur- suggested the name of this member. It consists of 
vey in 1904. a series of sandy clays and marls in which are 

Name and correlation.-The formation receives embedded large numbers of organic remains, 
its name from Calvert County, Md., where, in the including diatoms. The color of the material is 
well.k;nown Calvert Cliffs borderipg Chesapeake bluish green to grayish brown and buff, Fossil 
Bay, its typical characters are well shown. The remains, although abundant through the entire 
formation seems to correspond approximately with member, are particularly numerous in two prom
the horizon at Petersburg, Va. inent beds, from 30 to 35 feet apart, in the Calvert 

Thickness.-The full thickness of the Calvert Cliffs. These marls vary in thickness from 4! to 
formation has been nowhere actually observed 13 feet, They may be easily traced along the Cal

l along the line of outcrop, The formation has vert Cliffs from Chesapeake Beach to a point 2 
been diagonally truncated by the Choptank, so miles below Governor Run, At Chesapeake Beach 
that in the region of Davidsonville it shows a they lie high up in the cliffs and toward the south 
thickness of only about 50 feet. The Choptank they pass gradually downward beneath the surface 
and younger formations lie above it unconform- of the water. Along Patuxent River the Plum 
ably. Fortunately, a reliable well record at Cris- Point marls are not exposed so extensively as in 
field, I:;omerset County, exhibits the entire thick- the Calvert Cliffs, but they are visible at intervals 
ness of Miocene strata, In this well the Calvert from the cliffs below Lower Marlboro southward 
formation is apparently about 300 feet thick. As to Ben Creek, in Calvert County, On the west 
this well is located in the extreme southern portion bank of the river they may be seen here and there 
of the State and far down the dip, the data prob- from a point opposite Lower Marlboro downstr~m 
ably indicate a rapid 'thickening of this formation to a point 1, miles below Forest Wharf, in the 
as it passes to the southeast toward the ocean. At Nomini quadrangle. 
Chesapeake Beach, on the bay shore in Calvert West of tlle Patuxent quadrangle, along Potomac 
County, a well which begins in the Calvert fOl'ma- River, the banks are usually very low and com
tion a little above tide passes out of' it and into the posed of Columbia sand and gravel. In conse
Eocene at a depth of 60 feet; at Centerville it is quence of this the Plum Point marls are exposed 
found ,at a depth of 81 feet and is 65 feet thick; at but few plaC€'3. On the Maryland side of the 
at Crisfield the formation lies 465 feet below the riyer they may be seen in the low cliffs at the 
surface. mouth of Chaptico Bay, and on the Virginia side a 

8m;,tigraphic relations_--;-Near the Maryland- considerable thIckness of the marls is exposed along 
Delawa:re border the Calvert rests .unconformably the entire length of the Nomini Cliffs. When fresh, 
upon one pf the Cretaceous formations (Rancocas). the Plum Point marls and the Fairhaven diatoma
Farther southwest it overlies the Aquia forma.- ceous earth do not differ much in appearance. Th~ 

tion, and in southern Maryland it lies uncon- thiekness of the marls increases constantly down 
formably upon the Nanjemoy, a relationship which the dip, This member is subdivided into 12 zones, 
shows the gradual transgression of the Miocene which are distinguished by the lithologic charaC'ter 
deposits Southwestward, In this quadrangle it: of t.he materials and by characteristic fossils. 
lies unconformably 1!pon the N!lnjemoy, Aquia, i 
and Matawan formations and is overlain uncon-
formably by deposits belonging to the Lafayette Areal distribution,-The Choptank formation is 
and Pleistocene. The strike of the Calvert for- confined to the southern portion of the Patuxent 
mation is from northeast to southwest, and it dips quadrangle. It is exposed along the bay shOl'fl 
toward the southeast at the rate of about 11 feet to south of Plum Point, in the valley of Patuxent 
the mile. River and its tributaries south of Mill Creek, and 

Subdivisions.-The Calvert formation has been in the headwaters of Zekiah S~amp. In Calvert 
divided into two members, known as the Fairha,'en County it may be found in a long line of outcrops 
diatomaceous earth and the Plu.m Point marls. extending from the hilltops just west of Herring 
These are more fully described in the above- Bay to Patuxent River, but west of the Patuxent. 
mentioned report on the Miocene of Maryland. it. is almost completely obscured by younger depos-

The Fairhaven diatomaceous earth lies at the its. The boundaries of t.he Chopmnk formation 
base of the formation and is characterized by the in OHvert County are better known than in any 
presence of a large proportion of diat?ms embedded other portion of southern Maryland, but weRt of' 
in a very finely divided quartz mab~x. Calcareous the Patuxent have been determined more by cal
material is present in this bed in only very small culation than by observation. They are believed, 
amounts. Besides diatoms, there are other Mio- however, to be approximately correct and are fixed 
cene fOMils, usually in the form of casts, and as accurately as present knowledge warrants. In 
organic remains reworked from the underlying its broader relations the formation extends from 
Eocene beds. The name for this member is Virginia northwestward ACross Maryland and Del
derived from Fairhaven, Anne Arundel County, aware into New Jersey, where it has an extensive 
where the beds are well developed, development. 

The contact of the diatomaeeous earth with the Lithologic characte1'.-The materials composing 
Eocene beds lies about 2 feet beneath a band of the Choptank formation are extremely variable. 
sandstone from 4 to 8 inches thick, which carries They consist of fine yellow' quartz sand, bluish
casts of Pecten humphreysii and other Miocene f08-1 green sandy clay, slate-colored clay, and, at some 
sils. Above this sandstone is the diatomaceous places, ledges of indurated rock. In addition to 
earth proper. This bed, which is about 20 feet these materials, abundant fossil remains are dis-
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c:uminatcd throughout the formation. The 1:iundy apcake Buy, tiw outcrop is nor)' sinnous Hl1tl the: thickll€i&l 01' extent.. The sand usually sel'yes as I feet. 'The maximulll thickness of the Lafayette ill 
phase is \vell shown in the Calvert Cliffs from strike appears to change locally. the matrix for the gravelR or else is intimately' tbis quadrangle probably doE'S not much exceed 40 
Parker C"'reek southward to Point of Rocks, a! The dip (loes not Af'em to be constant throughout I mixed with the loam. feet. 
Rhort distance beyond the hOl'tkrs of the Patuxent' the cxtp-nt of the formatioll. In Calvert Connty, I Throughout. the I)uadranglc the Lafayette is I Slpai'(Ij1'apll'ic relalio}1JJ.-A very marked unCOIl-
quadrangle. The sandy clay and elflyey memberR I where the Choptank if'! bC'st exposed, the northern. capped by a (leposit of loam varying in thickness I fOl'mity sepal'ateR the Lafayette from all underlying 
lllay be seen in the RatHe f'liff.<; ncar Point of Rocks portion of the ontcrop, down to Parke!' Creck. from a few inches to 10 fCf't or more, ,vitll nn formations. Ttl nllC plaef' or another within tht' 
find nuther south. The format.ion is bC'flt exposed seems to lie almost horizolltal; but fHrther south: fl.vet'age of flbout i) feet. Neal' \Vftshington this Coastal Plnill prodnc(:' it overlies almost eyery older 
Hlnng the hfW shore sout.h of Parkcr Cl'eek. Tht, the formation at its base (lips sonthward at the loftm cont.ains considf'rable iron awl haR here and, formation represented in the region, and thin rem
following 8c'(~tion is typit'nl: I Tate of about 10 feet to the mile, so t.hat toward the i there a ueeidcd orange color. '1'0 the em;t awl: nants are present in Illany placeR on the em;tern 

Section one-hal/'fIdle 80nth oJ Parkei' ('reek, :Maryland. : south it O(':('llrs at lo\ver and lower levels unt.il in south this color becomes much leRs pl'onouncf'd. borders of the Piedmont Plftteau. In the Patuxent 

PT,EISTOCE:»E; 

Roddish sanny loam __ 
1'I1IocKsR: 

Choptank
ReddiBh I'ttn(L __ 

(;alvert-
Bllli~h elay ____ _ 
Brownish sandy clILy cOllt.aining ]iSI.JCG,j"-

Brownish sandy day 
fjlladl-'i(}Ol>tutfl, var. 
'IIIerccnuria., ('ytherca .~tamine(j __ ~._ 

BI11IBh chl\ 

I the southern portion of its area it is found in river i In many places the loam resembles the loess of the I quadrangle it restf\ mostly upon the Calyert and 
F~. Ttl. bottoms and final1y disappears beneath tide. The J npper1\fississippiYalleyincolorandalsoin textnrf'., Choptank formations and is, in the main, a sUliace 

I best place to examine the dip of this formation is On the broad Lafayette plain in the Routhwestern I depo~it, although locally it in all prohability dips 
along Ule Calyert Cliff." bC'tweell l\lI'ker Creek part of t.he quadrangle the loam shows a yc'ry pro- }wl1eath beds of Pleistocene age. 

(' 

20 

·6 

10 

awl Point of' Rocks. Herc au almost unbroken nonnce<1 mottling of urab and brick-red. This iR 
exposUl'e of the Choptank ma,Y be seen dipping I particularly noticeable when the material iR weL 

QFA1'E1l.NAHY f>JYSTE)f. 

, gradually toward the soutlleast. : It is seen in numerous road eilts, e~"lpccially ,"vest 
. S bl· . . 1 Ch' I fBI 'j'l L 0 I I COLU.UlJ1A QlIOUP. If (11nSI07I8.-T IE' opt.ank lOrrnation iR snb- 0 ram )rwinc. IE' alayette oam is in some 

I 
divi(1ed into five zones, ""hich are distinguiRh€(l placeR highly argillaceous, in others decidedly, GENERAl, 51'.!.'l'EMRN'I'. 

fi'om one ftnother by the character of material and i arenaceous. As a g-eneral rnle, it. is of very fine I The Pleistocene formations of the Atlantic 
I the fossils they contain. TheRe zone~, together texture. Although the loam capping is relatively , Coastal Plain arc united under the name Cohunbia 
I with their fossil eGntellts, han been fully (leseribed free from bands of gl1lwl, they are not entirely I group. Tlwy have many characteristics in com-
in the Stat(=' report on the -:\-Iiocene of }laryland. absent. Single pebhles are not uncommon in t.he mon, owing to their similar origin. They consist 

I PLIO{"EU~ ."nmll''"'. loam and locallv t.here are well-defined beds of; of g-l'avel, sands, and loam which are strat.igraphi
gravel awl sand. The following section, taken 1~· ' cally yonnger than the Lafayette formation. The 

LAF.H:Wl'TE FORMA'rlO:». ; milE'>' soutllC'Rst of Piscataway, make;;; thcRe relations Colnmbia group compri~es tlll'ee formations, the 
A J'eal d-if4r£{mlilln.-The lat.est Tert.iat·y formation I e10arf'r: I Sunderland, Wicomico, and Talbot, all of which 

of this portioll of the Atlantic Coastal Plain is I are repl'esente(1 in t.his region. They appear as the 
I known as the Lafayett.e, and is probahly of Plio- I &etion H miles s01ttheast of ]'iscatllway, ;.lCd. Foot. facing'R of different plain:'! or terraces, possessing 

cene age. It forms the surface coyer o,'er tlle Fine grayish-yellow loaIll______ 5 I yet·y definite physiographic relations (sec fig. 2}, 
sonthwf'_"tern portion of the Patuxent quadrangle. ~(je;:~~r:c·::sa;.~::~:~e:ai~d~ matrix of gray /:!H.ad___ as de-scrihed under tlle heflding <lTopographic 
At one HIllf', howeyer, it prohably formed a mantle I'"nfl~wrtprl gran] min'a with :<1'fI~' !laml _ fentures" (p. 2). 
oyer the entire arCH, for outliers are foulld north of! 17 I On pllrely lithologic grounds it is impossible to 
Washington and on Marriott Hill east of Patuxent , separate the three formations composing the Colulll-

o I Ri,er If such was the case, the Lafayette must I Physiographu evprf:i)8ioll.-As dL"Scribcd under I bia group. The materials of a.n have been derived 
73 0 I orib.-:mally haye H"Sted upon the exposed edges of "TopographIC features" (p. 2), the deposits of '; mainly fi'om the older formations whieh oecUl' in 

Palf.ontolo!/u (hrl1arftl -Although the Choptank all the earhel fOllllations lcpm;lented in this legion, I thi" fonna60n form a plain of . deposition which I the imme<1iate yicillity, but include more or less 
formation is abundantl) supplied "ith fossils, thl'Se but elORlOll has so leduced itR alea that It is no" in i8 "ell-de\eloped in many places on the Coastal foreign mfttedal brought in by strealllS from the 
are for the most part concentrated in two \vell-. I contnct principally with the ~Eocene, although ill II Plain a.nd slopes gTHdually toward the sea. In the Piedmont Plateau or from the Appalachian regioll 
defined heds whieh seem to be distributed yery small areas it. 1'eRts upon the Patuxent formation vicinity of Anacostia the hal3e of the Lafayet.te beyond. The deposits of each of these formations 
extensively throllgh the areaR of the depoRit. These and the am'ient crystalline rocks. The L<lfayette , plain iB at. a height. of 280 feet and its surface at are f'xt.remely val'ied, their general eharacter ehang
ZOlle~, toget,llt'l' with lllllny of their .charaeterist.ie plain iB in reality the olriest and highest of a series :1 :JOO fi.'et. At. Charlotte Hall, :30 miles to the south, illg with that of the lln<lerlying formationI'!. Thus 
fossils, arc shown ill the foregoing sertion. The of' five plains which were developed at. successively the base is not visible, hut the Burface lies at an deposits helonging to the same formation may, in 
fOBSils are allied to fOl'lnR now living in lower lati- ! lower levelB during various epochs ranging in time! altitude of about 200 feeL This shows, therefore, ! different regions, differ far more lithologically than 
tudes, tlwR ilHlicating that a somewhat warmer cli-

I 
from Pliocence (?) t.o Ueeent. It extends almost' a difference of 100 fet't in ;)0 miles, or a snrface I deposits of two different format.ions lying 1n close 

mat.e thflll exists to-rlny in t.his region prevailed uninterruptedly .from the Dj,:tliet of Columbia line slope toward the sea of about R feet to the mile. proximity to each other and to thp common source 
(luring the deposition of the Choptank format.ion; 'I to the Routhern bOllndary of the qnadrangle awl 80 slight an:d gradnal a decline in elevation might. I of mo."lt of their material. Cartographic distim'
it was, howeycr, probably a little cool('l' than during formB ont:' of' t.he most Rt.riking topographic featnrel'! be attribnted to the original llttitmle of the material i tions based on lithologie differf'lleC's could not filiI t.o 
t.he deposition of' the Calwrt. The fossils of this I in t.his area. It covers t.he dividf' between the when it waR depoRite(l wore it not for the f1tf't. that result in hopeless confusion. At some phces thf' 
formation ha.ve recently been fully described and I two great river ~yst.ems awl tllU~ becomili t.he the Sunderland 1enac(=', which 'vmps about the older Pleistocene deposits arc more indurated and 
illllRtrated in thf' two volumes on the Miocenf' pub- I most c0t1SpieIl0t18 formation of tIle region. A base of thc Lafayette, has suffered a. deformation their pebhles more decompoRed than t.hoRe of t.he 
lisllet1 by thc 1\Taryland Geological SUl'Yey. gntvel f'apping on Marriott. Hill is the only knmvn of 20 feet, or about 8 inches to t.he mile, thl'Ough- younger fOlmations, but these differences can not 

JWqne alld em'I'el({tion.~TI18 format.ion rec('iH'~ I outlier of the Lafil,,"ette eaRt of Pfltnxent RiYer in out the sa.me region, and the \Vicomico appears be use(l as clit.eria for separating the formations, 
its name fi'om Choptank lliYer, MaJ'ylflJld, hC'('anse thiB quadrimgle. also to have been affected hy a Rlight tilting. It is inflsmuch flsloose amI illduratt..'d, fresh and decom-
of itR great. development. on the northcrn bank of i LWw{ogl> c/wI'ne/(y_-The Lafllyette formation probahle, therefore, that the preflent slope of' the I posed materials OCCllr in ClJ.f'h of them. 
that e,"ltual'Y n shOlt distance helow Dovel' Bridge. : is compoRed of gl'HW'l, sand, and loam. These Lafayette formation is dne both to itR Ol'ihvina1 The fo:'!sils found in the Pleistocene are far' too 
TIl(' formation ,soelll."! to lie approximately at t.lw I mat.erials WE're RO imperfcetly sorted hy the waves attitude and to subsequent tilting. i meager to be of' much Ren,icc in separating the 
horizon of the .James HiYel' series of Virginia. , of the Lafayette sea that they are nm\' fonnd inter- Paleontologie clwmcter.-Fossils are pradieally I deposits into distinet formations, even though essen-

TMelcncsil.-The thicknc,'ls of the Choptu]lk for- I mingled in Yfl.tying propOl'tions. Although there bcking ill tht' Lafayette deposits of the Atlantic I t.i~1 differences bet.ween some of them may exist. 
mation if', val'iahlf'. In the Komini Cliffs, Virginia, I is a rough hipal'tik divir'lioll in the deposit, as a coast region, Hone being found in tho Patuxent I It is the exceptionHl and not the llormal deve1op
it. is present. flS a vO-foot. bed betwef'n the Calvert, whole, the gravel oecurrjn~ in gTeater abUH(1ance area. Pehhlf'R containing Paleozoic fORRils are lllf'nt of the formatiolls that has rendered the 
formation below aud the St,. 1\lary."l formation ahove. I at the base an(t t,he sancl anu loam at the top of the preRent in the formation at many places thTOugh7" preRervation of fossilR posRible. These eonsist 
This exposure shows a greater thicklless than any, formation, yet. theRe elements are mixed together in out the dist.rict, but. are of import.ance only hecau~e principally of fossil pla.nts that were presC'l'Yoo in 
other known. In the wen section at Crisfield, I a confusing manner. No particular kind of mate- they sho\.,. the source of the materials. In regions hogs, but in a few placf's about ChC'sapeake Hay 
mentioned in connection with tIle de-scription of ~ rial is confined to any df'n.nite ,'ltratuJll, hltt aU far to the south some fossil plants and animals local Pleistoeene (1eposit.s eontain great numbers of 
the Calvert format.ion, the Choptank is more than i kilHi.;; may ocenr nnywhere throughout. the section. 1 Lafayett.e age have heen reported by MeGee, hut ma.rine and f'stttarine mollusks. 
100 feet thiek, so t.hat, like the Calvf'rt" it thickens Irregular beds or lenses of loam, sand, or gmvel , \'ery little is known concerning them. The Columhia group, as lllay he readily seen, is 
m; it down the dip. ! also oct'ltr and are exposed in many places through- I lVall/1; and cm'pelaf'irm.-The name Lafayettf>, ,vas not a physiogmphic nnit. Thf' formations occupy 

Sirali4'lw,/iic )'e!af·ions.-The Choptallk forma-: out this quadrangle. The gravelR are considerHbly : proposed by Hilgard in 1891 (Am. Geologist,,' -wave-built terraee-s or plains separated by wave-cut 
tion lies unconf(wmably upon the Calvertformatiol1. ! decayed aml are usually rather small, but in the! voL R, pp. 1.29-181) t.o replace the term Orange I esca.rpments, t.heir mode of occurrence indicating 
The un('onformity is in the nat.ure of an overlap, i vicinity of Washingtoll they become very coarse sfll1(1, used in Tennessee llnd l\Hssissippi, a.nd the I differe1lt ]JCTiods of cleposit.ion. At the bases of 
hut. is not easily <1ir'lcernible eyen where t.he contact I and arc emhedded in a coarse, compact sand or! term Appomat.tox, whieh hilS been applied to the many of the csen.rpments the underlying Cret.aceous 
is visihlc. The best. plaee to ohserve tIle uncon- I very stifl: elayey lomn. The ftppt'Rrance of the; deposits of the Atlant.ic coast. The name is derived and Tertiary fommtions are exposed. The highest 
formity is in the port,ion of the Calvert Cliff's just' gl'aYels also changes from plftce to place; near i from Lafayette County .. -:'I.fiSR., a region where the terrace if< occupied hy the oldest. deposit, the 80n
below the mouth of Parker Creek. Even here it! \Vashington they are almoRt invariably covered I formation is wen developed. The exact. correlation <lerland; whih> the lowf'Rt. is covered \vith Talhot 
can not be seen from the hench, hut is viRible from i with n dark-brown ferruginous coating, but fart.her I, of the formf!.tion has not bec1I definifely settled, as materials. 
a boat n, short distance from the shore. This I, south the nInount of iron decreaRes considerably! its meager fauna and flora haye furnished little At almost cyery plaet' where good sections of 
unconformity is also proved by the fact that. at the ,i and the Gmting of iron oxide is practically flbsent. due t.o its agf'. It overlies }Iiocene deposits uncon- Pleist.ocene materials are exposed the deposit from 
above-mentioned loeality the fosRiliferonR bed wl1ich 'I The heterogeneous character of the mat€rial fur- forma.bly and ill turn is overlain hy Pleistoeene base to top Sf'f'ms to he it unit. At Rome plaCffi, 
lieR lowest in the Choptfl.nk forlllation l'C"'St" upon.' niRhes f'vidence of the varied sourees from whieh materials. ItR geneml character, firmly indurated however, certain layers or beds are shall)ly sepa
the Calvert, while at .Mount Harmony and farther I it hfts heen obtained. Pebbles of quartz and crys- layers, and occasional greatly decomposed pebhles rate(l from the nnderlying beds hy irregular line~ 
north the upper fORsiliferous bed of t.he Chopta.nk ta.lline rocks indicate the Piedmont as the source; suggest a. formation much older than any known of' unconformit.y. 80me of these breaks disappefll' 
rests upou tllf' Calyf'l't. fOl'lllat.ion. How tirr this broken iron crusts were derived from the Paleozoic Pleistocenee deposit of the proyinee, and hence fur- within short distances, showing clearly that they 
unconformity continues down the dip after the beds formations fftliher west; and filIally, decn.yed blocks nish cyidence for n pl'ovisional reference to the are only local phenomena in the Rarne format.ioll, 
disappear from view is not known, as the data from of Newark sandstone are oCf'aSiOnH 11." obRened. I>liocene. the resnlt of contf'mp0l'ftneous erosion by shifting 
wellrecqrds are too meager to permit. any conclll- 'Vhile all of these -WiriollR materials are present., TAickne.~,~.-The thickness of the Lafayette is shallow-water currents. \Vhethel' all these breaks 
sion to be drawn fi'om them. Above the Choptank the gravels are composed principally of quartz. somewhat variable. In its northwesternmost expo- would thus disappear if sufficientexposllres occurred 
is the St. )f~ll''yR formation, which is not represent.ed Sand forms a rather unimportant part of' the suref:l t.he formation dlOWi:l a thickness of ~~ to 10 I to permit the determination of their trne nature is 
in this quadrangle. Lafilyette deposits. Such ns is present seems to feet, the amount incrcasing somewhat toward the I not known. An additional fact which indicnt.es 

The strike of the Choptank formation is ill gen- have been del'iwd mainly from the Potomac beds. southeast. OYer the broad plain in the vicinity of I the (;ontemporaneous f'l'osive origin of these Ullcon
eral from northeast to southwest; but as a result Lenses of sand occur at lllany places in t.he gra.vel Brandywine the Ca.lvert, which is the next subja- i formities is that in dosely adjoining t'cgions they 
erosion, particula.rly on the 'Western Shore of CheR- deposits, but do not. commonly fOl1n beds of grcftt cent formation, is reached at a depth of about 28 seem to haye no relation to one another. Inasmueh 

Putlu:put. 



HS the Pleistocene formations lie in a nearly hori
zontal plane it "'''Quld be possible to ('onnect these 
separation lines if they were subaerial unconformi
ties due to an interval of erosion. In the absence 
of any definit.e evidence that these lines [ire strati
graphic hreaks separating t,,·/o formatiollR, they haY8 
been disregarded. Yet it is not improbable that in 
MOIne places the \va ves of tIlP ad vancing sea in HUl1-
derland, ",Vieomico, and Talhot time did not entirely 
remove the beds of eaeh pl'ecpain,e; 1)cl'iod of depo
sition over t.he area, covered by the SCH in its ne~t 
t.ransgression. Especially would materials laid 
(16Wll in depressions he likely to persist as isolated 
remnants which Inter were covered bv the next 
ma'lltlc of Pleistoeene deposits. If thi~ is the eaBe 
ellch formation from the Lafayette to the 'Wicomico 
is probably represented by fragmentary deposits 
benetlt.h the later Pleistocene formations. Thus in 
ce'rt.ain sections the lower portions may represent. 
an earlier period of deposition than that of the 
overlying beds. In regions where pre-Quatel'llary 
materials arc not exposed at the hases of the escarp
ments each Pleistocene formation ncar its illner 
margin probahly rests upon the attenuated edge 
the next younger formation. Inasmuch as litho
logic differences afford insnflkient (~riteria for sepa
l'rrting these late deposits, and as sections nre not 
numerous enough to furnish distinctions bet.ween 
local interf'ormational unconformitif>s and ,vide
spread unconformities resulting from an erosion 
interval, the whole mantle of Pleistocene materials 
occurring at any oue loeality is refcrred t.o the 
same formation. The Sunderland is described as 
overlying t.he ,J urwolsic (?), CrC'blCeous, and Ter
tiary depoRit~ and as extending from the base of 
t.he Laf'ayettc-Sllnderland f:',scarprnent to the base 
of the Sunderland-,"Vicomieo escarpment. The fpw
deposite of Lafayett.e material~ whieh may possibly 
nnderlie the Sunderland are disregarded because 
t.heyare unrecognizahle. Similarly the 'Yieomico 
is descrihed as ineluding all the gravels, sands, 
and clays overlyillg th~ pl'e-Lafilyette deposits 
Hnd extending from the haiSe of the Sunderlnnd
\Vicomico esearpment to the base of the 'Vicomico
Talbot. escarpment. Perhaps, however, materials 
of Laf~lyette and of Sun(lerland age lllay underlie 
the \Vieomico in places. In like manner the Tal
bof may hcre and there rest upon deposits of the 
La:fayette, Sunderland, and "\Vicomi{'o. 
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b'Touuds of' St.. Eliza.beth's Asylum was obtained WICOMICO FORMA'L'lO.'o ing these irregularities the format.ion as a whole 
from beds of consolidated Sunderland deposits. ",'1real dil:Jtl'ilmUon.-The next younger formation i occupies an Hpproximately horizontal position, with 
Many of the pebbles of the Sunderland are much 00' the Pleistocene division is the 'Vicomico. Like I a slight southeasterly dip. The average thickneRR of 
decayed, but in general they show If>AS decomposi- i tlw Sunderland, it wa~ depositetl on a terrace or the formation in t.his quadrangle is about 20 feet. 
tion than the Lafayett.e gravels. plnin. It lies t.opographically lower than the Sun- SbYlh:gmpkic relrdiow:J.-TIl this quadran);lf> tlw 

Plly,c,io!}rapliic c:rpre.~sion.-The Sunderland de- derland, wraps around it. like a hordCl', and extC'1l(l" Vncomico O\'erlif'R unconformably the granite-gnei8s' . 
posits occupy and form the Sunderland plain up the pl'ineipal Atream e8tllal'ies ·whieh penetrate it. all(I the various formations of .rul'Ul'lsic (?), Cret.a
mcntione(l ill the disellssion of topography (p. 2). In the PHt.nxent f]uadrangle the ·Wicomico forma- ceons, au(l Tertiary age .. It. iR in many placeR in 
This plaill is separated from the Lafayette terrace tion is distributed in the Rtream vulleYRthrollgh the contaet with the SUlldt:'rJand on the onf' hand and 
by a wen-defined scarp, This scarp haR Ruffered f>ntire area, and is especirl11y Wf'U deveioperl in the ·with t.he Talbot on the other. It. is probahle that 
cOlli'!iderable modification sinee its formation, and hasin of Patuxent RiYer. the Sunderland formation extends 10cal1r somewhat. 
where it ..,,,as not. pl'Ominent it haR been t.ra.nsformed L1:tliologic eharactcr.-The materials which l'on- below the SUllderland-'Yicolllieo senrp and may 
to a gently rolling surface 01' Ims been lost alto- stitntc t.he \Vicomico formation arc similar to t.hose run out beneath and underlie the edge of ttl(' 
gether. At. Charlotte Hnll, just. heyond the sOllth- in tlw Sunderland-in fact, many of them "\Vicomico formation where the two are in eoni<lct. 
ern margin of the quadrangle, this I'Jcarp iR have heell <lerived from tlwt f{)rmation. They In such placeR thiR contact between t.he 'Yicomieo 
preserved in nearly its original sharpnesl::l. It is consist, of' day, peat, sand, gravel, mul ice-horne and ~llnderland would he l'ln unconformity. 
also visihle south of BryantowlI and north of bowl<lerl::l. The dist.ribution of t.heee materialf:l i." 
Aqm1sco. In all these loe;lities the original'scarp 
was low, not exceeding 20 feet in height, but at 
CongreR::3 Hc>ightB, 80uth, of ~-\,-Ilacostia River, the 
scarp Eleparating t.ht, Lafityet.te and Sunderland sur
faces is over GO feet high and is the finest awl Lest 
defined of all the ancient eRrarpmentf:ol of this por
tion of the Coastal Plain. At Congress Heights 
the Rurfilee of the Lnfayette plain lieR at an altitude 
of a.bout 2GO feet.. From this height a steep slope 
descends, cutting through the Lafilyet.te and under
lying )lioeene heds, to the 200-f'vot contour, where 
t.he broad SUlH]erlfmd plaill abutt' against. the Rcarp 
and slopes gently lind imperfectl,Y awny from it. 
The Sunderland formation is also usually separated 

similar to that of dIOse in the Sunderland in that 
they grade one into another both Yel'fleally and 
horizontally, tlw eoarRer materials preponderating 
at the base of tlw formation and the finer mat.erials 
toward the top. Tn t.he northeast corner of' the 
quadrall,gle, in the vidnity of Annapolis, large 
quantities of Eocene materials hnve been reworked 
ill t.he 'Yieomieo formatioll. At somf> places the 
fllatN'ials art' \"ery Illuch IleeaYf'd, HR ill t.ht' Hun
derland. 

In t.he Potomac VaHey near'Val::lhington bowl
ders currying golacial Rtrire han.' becn found in the 
W~j('omico formation. The great ,size of these 
bowlders, however, au(I their occnrrenee with lllueh 

. .dl'(·al d£s!l·ibuil'oll.-The Tnlbot. format.ion lr; 
extensi\'ely developed within the Pat.uxent quad
rangIt'. It oecurs as a terr<'lce of varying widt.h 
exkrulillg from the W"i(~onlieo-Talbot senrp out. to 
the edge of the snrrounding waters. It. is well 
dist.I'ibutf>d throughollt the qUlldrangle, bordering;.,' 
the various estuaries and streams. Its most eont.in
nOllS and unbroken nreas are situated ill t.he north
eastern portion of the quadrallgle betw€{'n Sout.h , 
River and Herring Bay, in the ynIley Df Patuxelit 
River from Hollins Cliff southward to the quad
rangle boundary, and in t.llf' valley of Anaeost.ia 
H.iver. 

from the 'Yicomieo formation by a well-pronounced finer materiahi fnrnisll evidence of their trnnspor- Lith.ologic r/wi'acier.-The materials which C()m-
scarp; this is disc'ussed in the Rect.ion following, tation by floating ice. pose the Talbot fornultion eonsist of day, poot, 
which is (levoted to tile 'Vieomi.co. The amount of loam present in t.he 'Yieomico is sand, gTavel, and ice-bome bowlders. As in thtl 

As already stated, t.he SlIlHierland plaiJi stands exeee<lingl,Y variable. 'Vhel'ever the loam cap is < Sunderland and Wicomit;o deposits, the"e matQ
at a lleight of 200 feet near Anneostia and of' 180 well developed the roads are ver.y firm and the laBd : rials grade into eaeit othf>l' both vertically and 
feet at. (;}mrlot.te Hall, :30 miles to t.he Rontheast. ifl.suitahle for t.he production of grllSS and grain; horizontally, and the formation exhibits the S31lle. 
The surfilce of this plnin thus slopeR ~olltheastward but. where the loam is present in sillall quantities ten<leney toward a bipartite division, witli tilt' 
at the rate of R lnehcR to the mile. It also elopes, 01' aORf'nt altog.et.hel· the roads are apt to he sandy. coarnel' materialR beneath nnd the finer IDntel'ials. 
gently t.oward the lar?;f'r est.uaries. PhYiii().fJraphic fl]JfCl:Jl:J1:on.-The 'Vicolllieo formn- ,ahove. There is, on the whoh;. 1llueh lesR decayed 

Paleoniolog'ic c/wJ'(wLer.-The only locality within tion is de\-eloped in a terrace which is deseribed in i material in the Talbot than in the two preceding 
this quadrangle at. which fossils JUlYe heen disC'oy- the seetion headed "Topographic feMmes" (p. 2) 'I' formations and HS n. result. the formation has· a ~ 
ered in the Sunderland formation iiS along the as the "\Yicomico plain. This plain is sf>parated much younger appearanef' than the other Pleisto-_ 
Chesapeake Deaeh H.ailroad, in a deep cut. between: from the Rllndt:'rlnnd terra-ee, which lies ahoye it, ' eene deposit~. 
'Vilson awl Owings Rtat.ions. At. this place a by a scarp, usually abo\Te 20 feet in lwight, tJUlt is ' III t.he western pOl·t.10B of the quadrangle, in till' 
plant bed oecul'S at the base of the tleposit. It one of . the most constant ano striki.ng topographie vicinity of \Vashingt.on and Anacost.in, the Tnlbot 
consist8- of a stratum of black day about 3 'feet in features in the qua(Ieangle. The 'Vicomieo plain beds contain many large bowlders wh1eh ha.ve been 
thiekness, in whieh are numerous small lignitize<l is in turn ill 1ll0~t places separated by an esearp- carried by ieehergs and droppcd hl deposits of much 
steme. Ko good plant remains have ,been fOllwl, ment fl'om t.he Trtlbot. terl'lH'C, which wraps around finer material. Home of UlCse bowlders show their 
yet the presence of YBgeta.ble "illatter through tile it at fi lower ele'i'ation. l,'rom the tlllnderland- glacial origin in that thej~ have been planed by,ttlf>" 
entire thickness of clay is indieated hy the 'Vieomico scarp line the snriiwf' of the "Vieomico '1 wea.ring aetion of thc' ieE' and bear glacial striR'. 

Areal dil3trilml1:on.-The SUllderland formation black color of t.he mlltCl~inl, (Ine to ('al'bon~('('ons formatinn slopes away gf'utly toward dIe snrround-I Cross stratineation is veryeomlHon in the Talbot'" 
i.'; developed as a terrace or plain which occupies matter. ing wnters in the manner of a \vaye-built terraee. I deposits. One of the hest exposul'('S of this. stru('
the top of the divide separating Chesapeake Bay .Name and cONe/ation.-The formation has been In the exh'eme llort,hpl'll portion of the quadrangle: tme can he seen in a shallow eut nlong t.ht, ChCf'lll
from Patuxent HiveI' and the sides of' the di\'ide, named from the little villa.ge of' Sllndf>rland, Cal- the surface of the "\Vieomico, at the bnsc of t.his pellke Reach Railroarl ahout one-fourt.h mile from ... 
below the Lafavette formation, between Patuxent veli County, Ileal' which it is -typieally devploped. escarpment, lies at. an elf'vation of about. l(Xl feet, ' Patnxent H.iVCl·. Another good exposure of crORR 
and Pot.omac rivers. Since its <leposition it has The name 'was :first applied to t.he forination by while ill the southern port.ion of the guadrangle st.ratifieation in the Talbot. occurs just north of 
suffered more erosion than either of the two O. B.' Shattuck in May, 1901 (.Johns Hopkins the elevat.1on of the cOl'l'e5pondin~ surface is about Lyons CI'eek, in Anne Arundel County. The f01-
y'uunger formations, hut enoll?:h of it Htill remains Uni\'. Circ. No. 102). The Sunderland corresponds 90 or f),,) feet., indicat.ing a very gentle slope toward lowing section was taken on .the hllnkR of AnaC'ostia 
"'ithin the area. to make its mappiug Jlosl:lible and a.pproximately with the Earlier Columbia of .McGee t.he l:loutheast. Binee the 'Yi{'omieo was depo8-it.e(l RiYer, neal' 'Vashington: 
to establish its relations to the other deposit;.;. The and with parts of the Bridget.on and Pensallken it. has:heen suhjected to considerable eroRioll and its Section on. 1Mllt lIide of Anae(Jstia River sonth of PennlS,IIl 

::3urfilce of the SUlHkrland plnin \'al'ics in a.ltitude I Salisbmy. Its Pleistoeene age is indicated hy the originally level surface has hf'en transformed, at. lVashinyton. f). c. 
fi'om 200 feet. in the nort.hern portion of the modern appearance of lts plant remains and by' least along t.he watcrways, into a gently rol1ing one. 
qnadrangle to 180 feet in t.he southern portion. its relation to the next youngel: formation, t.he Paleontologic 'chumcim'.-About 1 mile southeast 
Throughout. t.his traet. the original surface of the \Vicolilico, in whieh howlders hearing gladal strire of Queen Anne (Har(lest.y) there is a plant he(l i 
forlllation was nearly level, bitt the streams whieh have been .found. within and jnst. at the hase of t.he \Vicomico forma- I 

Itow flow across it ha\'f'locaHy produced a gently ThickneRR.-A1tllOugh the matel'iuls of the Sun- t.ion. Here, at au elf'vat,ioll of 00 feet. ahoY(~ t.he 
rolling surface. derland lie at varying elevations above sea level in strealll, there i::3 a deposit of carhonaet'ous material 

Lithologic chamcter.-The materialR whieh COIll- the Patuxent. quadrangle, the thickncss of the for- a.bout 20 feet thick. About. 11- feet of this iR COlll
pose the Sunderland formation cOllsi.':lt. of' day, Illation is not great at any point. That the depos- posed princip1:l11y of peat. The leaf impression" 
sand, gravel, and ice-borne howlders . .As explained its were laid down on a sloping and dissected' plain are mainly of grasses and st.ems, but some illl::leet. 
above, these materials af'! a rule (10 not lie in weH- is proYe(1 by HlIllly well records and observat.ions remains and ,beetle-wing coverR are also present. 
(lefined heds, but ~rade into each other both verti- which show t.hnt t.he surfilce of the underlying for- ... 7I,T,uHe (wd ('o1Telation.-This formation receives 
cally and horizontally. The eoarSE'r materials, ,vith mutions riscR in paRsing from the stream valleys to its nnme from "\Vieomico Hin~r, ill southern :J.Iary
the exception of the icc-borne bowlders, have in t.he (livides. Consequently, the thickness of the land. The ntlmc was proposed by G. B. Shatru~k 
t.hE' main a cross-hedded st.l'IlctIll'C, hut the days and Runnel'land ean not he det.e'mined by the elevatlon in l\lay, H)Ol (Johns Hopkins Oni\'. eirc. Ko. 
finer material are e:ther (Ievelopf>d in lenses ~r hor- of' the deposits, hut the eYidence furnished by 152). The 'Yicomico represents the upper pnrt. 
izontally stratified. The erratic ice-horne blocks excavations and well reeonls on the st.ream divides t.he Later Columbia of' .McGee and Darton nBd a 
are seattered through the formation "and lllay oceUl' shows tlwt the formation probably has an average part of t.he Pensauken of' t5alisbul'Y. The ptesencf> 
in the gTavel, sand, or loam. The coal'l'ler material tJlicknf>se of about. 3,F) feet. of iee-borne' bowlders furnishes evidence for its 
throughout the formation ttmds to oceupy the lower Slraligrrtpkir 'l'elation.~.-Throughout the Coastal contemporaneity wit.h the ice invasion, although 
portions and the finer t.he upper port.ions, but the l"llain the Sunderland overlies unconformably vari- t.he particular drift. sheet with whieh the formation 
transition from one to the other is not marked by ous formatioI?-s of' Jurassic C?), Cretaceous, and should be correlated ]ws not yet been determined. 
an ahrupt change, and at many places the coarse Tert.iaryage. In t.he Patuxent quadrangle it lies T!t':ckues,~.-The thickness of the "\Yicolllieo for
nJaterial" are present in tile ~IHface loam and the uneonformahly upon the Aquia, Nanjemoy, Cal- mation is not at aU uniform, owing to the uneven 
tiner materials arc below, in the grave1. As a vert, and Chophmk formations. It. is not. improb- surface upon which it was deposited. It ranges 
~'hole the material is CO:11'8er on t.he western :'lide able that. the edges of the· Laf;lyet.te format.ion from a few feet to 50 feet or more. The formation 
of the quadrangle, in the Potomac basin, than extend beneath part of the Sunderland 'deposits, dips down into the valleys and rises on the divideR, 
ei:;;cwhere. In the vicinity of COllgr~ss Heightl3, althoug-h this call not he determined because of t.he so that its thickness is not so grea.t. as might be 
the gravels of the Sunderland are rather commonly a.bsence of any definite line dcnoting a stratigraphie, supposed from the fad that the hase is in 'many 
cemented by ferruginous material. The ferrugi- break and because of the similarity of the materials places as low as 40 feet while t.he surface rises 
nous conglomerate used in the wall about the of the two formations. 'locally t.o 100 feet above sen level. Kotwithstand-

Bandy loam, light yellow to brown in color .. _ 
Fine yt:;l1QW sand with nere and there isolated 

pebbles or thiIllen~es'of gravel 4 to (\ inches 
tbiek; grayel up to 6 inches in diameter _._ 

}la~s of gravel of all sizes. nnstratified, some 
several feet. in' diameter: yellow sandy lila· 
trix; strire on gra,els; materials generally 
h'esh in appearance; a few small lenses of 
yellow Hand free from gravel. In places 
iron crnst~ have formed in the sand and 
gravel, cementing them together. 
exposed. 

Amount 
11 

21 

Phy.~io.9!'aphic e,l'jJI·(,)fRion.-The Talbot forma
tion is developed as a terrace eapping, formin~' 

the 'I'lllbot plain described under t.he heading 
"Topogmphic feat.ures" (p. 2). It wraps arouild 
t.he lower margin of t.he 'Vieomieo termee, from 
which it. is separated in mORt."' places hy a. low 
escarpment. From the hase of the 'Vicomico
Talbot scarp, whieh is at an elevation of 40 to 45 
feet, the surfaee of the Talbot format.ion slopes 
gently toward the surrounding wat.ers. This suJ'
facf> has ehiefly, if not entirely, the initial slope 
which was imparted t.o it. during itR period cif 
deposition. Usually this terrace is terminated hy 
a low scarp cut by the waVf>S of Chesapeake Eny 
or its estuaries, but locally it, slopes gently to the 
wa.ter's edge. The Talhot formation has suffered 
less erosion than f'ither the Sunderland or the 
'Vicomico. It hns been elevated above the water 
for so short a time that such st.reams as have found 
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their way acrose its surface have not been able to I the granite gneiss, the only crystalline rock of the: a mu('h more extensive development in the regions I of the Potomac group. This formation, on the 
change materially its original level character. 'I quaill'unglc, yielding to dcfOl1nation t{)ok place: beyond its borders. If study were confined to the I evidence furnished by fossil plants and by its 

Paleontologic character.-Ill the Maryland por- along numerous plancs cutting the rock. Along I area of the quadrangle alone many of the conclu- 'position beneath the Arundel, which contains 
tion of the CORstal Plain there are a numher of these there was motion of one parr pm;t another sions drawn from sneh investigations might be i Yertebrate fossils of doubtful Jurassic age, is 
localities Ilt ,vhich fossil rernllilll:; of either plants attE'IHled hy the growth of new minerals ont of the I llnsutisfaetory and erroneous. The geologic history I questionably referred to that period. It indi
or animals or both occur in the Talbot deposits. , broken materillls of the old. The new minerals of the quadrangle, whieh il'< here outlined, has heen II cates a submergence of the Coashtl Plain in 
In this quadrangle the most conspicuous of these' crystallizE'd 11NI1'ly parallel to one another and to the based on work done 110t ouly in this area hut also this region of sufficient extf'nt to cover the 
is Iwnr FairhflYf'n, Anne Arundel COllnty, where planes of motion and produccd the schistosity whi('h throughout the North Atlantic Coa8tal Plain from whole arE'a with shallow water. The cross-bed
the formation containl'< a lens of drab-colored day characterizes the granite gneiss of this region. The Raritlln Bay to Potomac River and in c('rt.'1in 10('ali- i ded sands and gravels fUl'llish e\'illencp of shift
[waring plant remaills.~e}lrCol.nficld Harbol', i granite g-neiss oc('ul'ring ill tllf' extreme northwest I tif'R in Virginia and the Carolina~. ing currents, as do also the abmpt changes in the 
at the mouth of Potomac UhTer, the format,iOlI ~ COnler of tllC Patuxent quadrangle forms the east- A Rtndy of the geologic histol'Y of the Patuxt'llt character of the materials, both horizontally and 
has yielded a great numbpr of molluscan shells I ern part of an antieline whose Hxis passes through gmHlrangle'sho\Ys that it has been long and com- vertically. The presence of numerous bnd plants 
representing H Yllriell filllna of marine and brackish- 'Vashington; the axis of the nccompanying syncline plicated. This is indicated by the Jllany different in the lamilwted days shows the proximity of the 
water origin. to the eaRt is co\'eretl by the Coastal Plain depositR. kinds of Rtrata represented and by the relations land. 

Name and cm'l'rlafion.-Talbot County, }Id., The dip of the plnnes of sehiRtoRity is from (iOO to 'which they bear to one another. There ttre deposits The deposition of the Patuxent formation was 
where the formation occupies a hrofld termee bor- 90 0 K'V. A fuller i::\tatcmellt of' the structure of I that were formed in fresh or brackish water; others ended by an uplift wllich brought the region 
'leI1ng numerous estl1arieR, has furnished the name the Piedmont rocks is ~iyen in the ""'ashington that show evidenee of their deposition in marine above the water and inauRumted a period of 
for this formation. It was first given by O. B. folio (~o. 70). I waters, some in ·water of shallow depth, ot11ers in erosion which pel'si~ted long enough to permit 
Hhattnck in 1901 (Johns Hopkins eniv. Cire. No. Tn strikillg eontmst with the complex structure deep water; while breaks in the conformity of the the removal of'1l \'Ilst amount of materjal. This 
152). The Talbot represents the lower part of the of' the Piedmont rocks is the extremely simple, different strata indic,ate that from the time of' the was followed by a subsidence in which many of the 
Later Columbia described by McGee and Varton structure of the Coastal l.llain strata. AltJlOugh I: formation of the earliest beds down to the present stream valleys, but lately eroded, were occupied 
and ('orresponds approximately to the Cape May many unconformities separate the variolls forma- day tht' region hal:! under~one mllny elevations find for a portion of their courses by bogs and swamps 
formation of' Salisbury. Its Pleistocene age is tiom; of the Comltal Plain, these are comparatively I subsidences. of the Arundel formation. In these marshes therf' 
proved by the fossils found at Cornfield Harbor minor unconformities of erosion. Folding of the: Pl'e-Potomac MlJtopy.-In this quadrangle rocks was an extensire development of plant life and in 
and by its contemporaneity with a part of the ice strata iR almost, if' not entirely, lacking, awl fault- ! older than the Jurassic (?) are present only in the them also ,vere deposited iron ores that are now of 
imTasion of the northern portion of thc ('ouutry, iug hns not been Obsf'rved in this 'Iuadrangle. The! Piedmont Plateau. It is ex(,eedingly difficult to c01l8iderable value. After another uplift and inter
HS shm'{n by the llumerOUR i('e-borne bowlderR numerous UPlifts.and depressions which the region I interpret the past history of the Piedmont region val of erosion the land was again depressed beneath 
found in its deposits. haR experienced haye heen RO uniform o\,er wide for the reason that the whole area 1ms been suh- sea leyel. Physical conditions similar to those 

TldckneM.-The thickness of the Talbot forma- areas that the onl,\' existing evidence of tlIese crustal jected to many great changes which have essen- ,,,hich had prevailed during Patuxent time existed 
tation is extremely variable, ranging from a few moyements consists of traces of RuecessiYe periods II tially modified the original materials; yet the during this period of submergence, in which the 
fL'€t to 40 feet or more. ThE' unevenness of the of erosion and deposition that must ha\~e been, studit's of \Villiams, Keith, Mathews, Bascom, Patapseo formation was laid do"m. Dicotyledo
surface upon which it was deposited has in part produced by alternate uplift and submergence. As and others have revealed many £'lCts coneern- nOUB plantR, which are yery rare and primitive in 
eaused this variability. The proximity of certain explained elsewhere, these vertiealllloyements were ing the original ('ondition of the rocks now structure in the Patuxent deposits, are abundant 
regions to the mouths of streams Juring the Talbot sometimes aecompanied by tilting, with but slight: occupying this region. Nearly all the rocks in the Patapseo and belong to higher types. This 
RUbmergence also aceounts for the increasf'd thick- deformation. of the Piedmont are mE;!tamorphic in character. seems to indicate that a long time intervened 
ness of the formation in sueh areas. The formations all have a general northeast- }IallY of these rocks were originally sedimen- between the two periods of deposition, during 

Stratigraphic relation,~.-The Talbot l'ps1s uncon- Routhwest strike and a. dip to the southeast. This 'I tal'y deposits, but in the processes of metamor- which thE' land flora of the regioll materially 
forlllably, in different portions of the region, upon dip, though varia hie in amount in the different for- phism haye how lost nearly all traces of their changed. After the deposition of the Patapsco 
various older formations belonging to the JUl'IlS- mations, agrees in direction with the slope of the original character. Consequently it iR scarcely formation the region again became land through 
sic (?), Creta{'eous, or Tertiary systemti. It may crystlllline floor upon which the Coastal Plain sedi- ,possible to explaiu the conditions under ,,,,hich an upward movement which drained all the ])re
in places rest upon deposits of Lafayette, Sunder- ments rest. At some' places, particularly in the I they were originally deposited. Yet it may be .iousl), existing estuaries and marshes. Erosion 
land, or 'Yicomico Ilge, although no positive eYi- Pleistocene formations, the dip is very slight-not 'I said that a large portion of' the a1'ea whieh the at once became active and the Patapsco surface 
(lenre has yet been fo~md to illllicate Rnch rf'latiollR ! more than a f(,w ff'f't to the mile-hut in the for- Piedmont metamorphie roeks now oe{'upy was ,'ms dissccted. A downward land movement again 

FIG. 1.-Section from 'Vashington to PahlXcnt River along line A-A on arpal geology map. 
Qc, Columbia group; TI, Lt1.fayeHe fon-nation; Tev, Cah'ert formation. Tn, :Nanjemoy forlllatiou; Ta, Aqllia formation; Kmw, Matawan formation; Kma. Magothy forllJfl.t.ion; Kr, Raritan formation; Kpt, Patapsco formation; Ja, Arundel forllJation, 

Jp, Patuxent formation; ..f1g, granite b'"11eiss. 
HOl'izontal scale, appl',,,dmately 1 ineh =:! mil",s. Vertical "cale, 1() times hor],ontal scale. 

to the oldcr Pleistocene formations. The deposits' mations of the Potomnc group it. is as gTeat as 60 : under water at one t.ime, or perhaps many times, I submerged the greater portion of the region, leay
occupy a nearly horizontal position, having only a to 75 feet to the mile. I and received in Rome plaeeR depoRits of sfl1ld and ing only a vf'ry Ilarrow st.rip of Patapseo deposits 
slight Rlopetoward Chesapeake Bay and its estuaries. The pre-Pleistocene f(mnations of the Patuxent mud eanied in by streams, while in other places above water. Thc Rnritan formation was next 

HY.CF:XT lHWO~l'J''''. quadrangle constitute a seri('s of overlllpping heds heds of limestone were formed. It is not known, deposited, under conditions ycry similar to those 
with linE'S of onterop roughly parallel to thc strike. how long this sedimentation continued or how I which had existed dmi.ng the previous submer-

In a(~dition to ~he f~ur terrnces already discussed, i "Tith few e:ecpti.ons, already described in detail, m:my br.e~ks took place between sllccessive periods I gen::. l~arihlll. deposition was terr~inate~ bJ~ Iln 
It fifth ]s now belllg formed by the waters of the each formatIOn dIpS to the southeast at an angle of depOSItIon. It has been thought by most recent uplIft. wh1('h agaIn converted the ent-ll'e regIOn mto 
ri vel'S and the waves of the estnarics. This ter- 6'Teater than the slope of' the country and disappears workers in the Piedmont region that the rocks there land. A lonj:!; period elapsed before a resubmer
race is everywhere present along the water's edge, benE',ath the Hext younger fOl'mation (see fig. 1). include not only representatives of the AI'ehean, to genee, so that the streams were able to effect 
extending from a few feet above tide to a few feet Thu8 successively younger hcds are encountered which most of the earliel' geologists referred them, ('xtensiyc crosion of the l'('<Cently formed deposits. 
below. It is the youngest and topo,L,'Taphically the b)T one \"ho passes from the northwestern to the hut of the Cambrian and Ordovician as well. The "ddespi·C'nd development of shallow-water 
lowest of the serie.'3. Kormally it lies beneath! southeastern portioll of the 'llladmngle over the TheRe old rocks have been broken thro1lgh in tlepo~its, everywhere cros,,'l-bedded and extremely 
t~nd wra~s a~ol~t the margin of the Talbot terrac(', I upturned edges of the deposits. I many different places by sheets and dikes variable in litholof,ri.c c~araetcr, and the preseI~ce 
from wInch It IS se:arated by ~ low sca~'p tlH~t as T.he accompanying sketch (fig. 2) shm~-s cliagl:am-I igI~eous mat.erial. Thus ~he Piedmon.t metamor- through.aut these depOSIts of land. plants. furmsh 
a rule does r ~lOt exceed 1.5 to. 20 feet III heIght. mntIcally the structural and topographIC rel~tlOns I phICS comprIse represE'ntahves of both Igneous and some eYldencc that the Potomac sedunent.atlOn took 
'Vhere the blbot formatIOn IS ahsent,. the R~cent I of th~ five tprrace formationfl, namely, the La:filY- sedimentary rocks. The structure of these rocks place not in open ocean waters but in brackish- or 
terrace may he found at the base of eIther of the, ette, Hunderland, 'Yieomico, Talhot, and Rf'Cent. when first formed was undoubtedly much more fre.."Jh-water 'estuaries awl marshes that "','ere indi
other three terraces. In such placeR, however, the It will he noticed that the four oldel' ones al'f' rep- I simple than fit present, but they have been repeat- rectly connected with the ocean, which mny have 
scarp ,vhich separates them is higher in proportion, at time;,; locally broken into the area. Some land 
as the upper terrace is older. Peat, clay, sand, I barrier to the east of the present shore line prob-
Hnd gl'axel make up the formation and these mate- i I ahly existed and produecd these conditions, but its 
rials Hre deposited in deltas, flood plains, beaches, position and extent can not be determined. 
bogs, dunes, bars, spits, and wave-built terraces. FIG. 2.-1dealseetion ~howi()g !!trllctllre and topog"rapiJic relation!! of the seVE'l"al terrace formationf'. Mailothy hislory.-The period during which the 
Fossils, if the recently huried organic remains cnn Qt, Recrmt; Qt. Talbot; Qw, Wicomico; Qs, Sumlt'rland; TI. Lafayt'ttl·' Te, Chcsapeake group I l\Iagothy deposits were formed was one of transition 

be so callcd, are very common, but cOllsist almost resented as bipartite in character. The landward edly subjectNI to various proeeSses of metamOl"- from the estuarine or ii·esh-water conditions of 
pxclusively of vegetable u{>bri:::; covered by swamp edge of eaeh formation is reprE'sf'nted as lappin~ up phislIl by which the beds have been folded and Pat.apsco and Raritan time to the marine condi
depositR, and of brackish-water animals of living ovel' the seaward edRe of the one preceding-. This crumpled and the original mineral composition tions linder which the Matawan, Monmouth, and 
species entombed in the muds of Chesapeake Bay sketch indicates the t~OlHlitions as t.hey would appear has been greatly changed. Rancocas were laill down. The great variability 
and its estuaries. jf typically developed, but here and there the There is no evidence to show a sllhlUC'rgence of I in the lithologic character of' the materials, the 

lower portions of the scarps are occupied bv 1\Iio- this area during the latter part of the Paleozoic coarseness of the sands and gravels, and the cross-
RTRL'CTUHE. I cene or older beds, leaving the Pleistocene m~terials era. nor during the Trillssic period. It prohahly 1 bedding all suggest conditions similar to those of 

The geologic structure of t.his quadrangle, with I confined only to the upper portions of the escarp- , remained as a land maRS during most of this time, ! the preceding periods. On tll(' other hand, the 
the exception of the small area of crystalline rocks ments. ·In such plaees the next younger terrace I furnishing terrigenouH materials to the Paleozoic i lornl pockets of glau('onitic sand and the presen('e 
in its northwest corner, is cxtremely simple. The deposit does not lap up on thc base of the gTavels ' sea to the west and to the Atlantic Ocean far to I of marine invertebrates suggest the marine condi
structure of the crystalliue rocks of the Piedmont I of thc terrace just preceding, but. rests unconform- the east. It is of coursc possible that it may have, tions of the late Cretaceous. The probability is 
PJateau, on the other hand, is very complex. TheRe ably upon the older materialR which occupy the been depressed beneath the ocea.n waters and cov- that over lnost of the area where l\Iagothy deposits 
rocks are tilted at high angles, dislocated by faults, I base of the escarpments. ered with sediments many times, but, if so, later are now present Potomac conditions prevailed dur-
and greatly ehanged from the position In which HISTORICAL GEOLOGY. erosion has !Cmo\-ed such deposits from the crys- I ing the greater part of thp period and in some 
they ,""ere formed. Folds are abundant, and the talline surface. I places perhaps during tll€ whole of' it, but that 
forces of compression haye usually so acted as to 8EDUfENTARY RF.{;ORD. Potomac history.-The earliest of the knowu! occasionally, through the breaking down of the 
sque.eze th~ sides of the folds together until the General statement.-Almost all the formations unconsolidated deposits lying upon the floor of I land barriers which had kept out the oeelUl, there 
beds on each side dip in the samc direction. In which occur within the Patuxent quadmugle have crystalline rocks belong to the Patuxent formation, were incursions of sea water, bringing in marine 

Patuxent 



forms of life. Thus far there is no evidence that 
such incursions took place anywhere except in New 
Jersey. 

At the close of Magothy time the region was 
uplifted and a period of erosion ·was inaugurated. 
During this erosion intenal comparatively small 
amounts of material were removed. Io some places 
it is impossible to est.ablish definitely any strati
graphic break between the Magothy and thf' Mata
wan. This may be because the erosion iuterval 
was comparathrely short or because the elevation 
t.he land above the water \vas so slight that it did 
not permit the streams to cut channels in the 
recently formed deposits. 

Late}" Cretaceous hi,~tory.~Not until late Cl'eta
ceOllS time did a downward movement oceur 
sufficient extent to permit the ocean waters to 
transgress widely over this region. During tllO 
Matawan, Monmouth, and Rancocas epochs prob
ably all of t.he quadranglE' was depressed beneath 
the OCf'an waters. The streams from the 
land evidently calTied into the oee,an at this 
only small amounts of fine sand and mud, wllieh 
afforded ('onditions favorable to the production 
glauconite and permitted the accumulation of tht, 
greens1"md beds that are so characterilltic of the 
Upper Cretaceous deposits along the AtlUlltic eoast. 
During this time very slight changes took place 
along the continental border, although elevation 
was probably proceeding slowly, aR the Matawan, 
Monmouth, and Rancocas formations are found 
outcropping farther and farther to the southeast. 

After the deposition of the Hancoeas formation 
upward land movements again caused the shore 
line to retreat eastward, but to what point is not 
definitely known. Farther north, in New Jersey, 
deposition still continucd in some plaees, for the 
Rancocas is there oyerlain by another and later 
deposit of CrE'taceous age, the }falUlsqlwn forma
tion. If the Raneocas and Manasquan were ever 
formed within the limits of the Patuxent quad
rangle they have either been remoyed or are eon
cE'aled from view by later formationi'1- which haye 
overlapped them, • 

EON:rw hi.~tory.~At the clos(> of the Cretnceous 
period the recently deposited sediments were up-
1ifted to form a land mass and sedimentation wal'! 
succeeded by erosion. In early Tertiary time a 
depression carried most of the region again beneath 
the ,vaters of the ocean :md the Eocene deposits 
were formed, The great amount of glauconite pres
ent in these formations indicntes that tJlC adjacent 
land mass must haye been low and flat, so that the 
streams carried in only small amounts of terrige
nous material. The water in which this was 
dropped was doubtless only a few Illlndred fathoms 
deep, as glauconite js not produccd at great dE'pths. 
The land-derived materials at the beginning of the 
Eocene consistf'd of' small, ,,yell-rounded pebbles 
which were deposited in several places in the 
region; but later the materials carried consisted 
of fine sand or clay, Many forms of animal lifc 
existed in these ·waters and their rcmains now 
compose layers of marl several feet in thickness. 

Studies of the fossils found in the Eocene depos
its indicate that there wcre many change8 in the 
fauna during this time. Thesc changcs were prob
ably influenced to a greater or less extent by varia
tions in physical environment, yet the character 
of the dcposits tl18mselvcs gives little evidence 
such changes. Instead it seem8 that the conditions 
under whieh the Eoccnc deposits were produced 
were lemarkahly uniform, eonsidering the great 
length of time which elapsed from the beginning 
to the close of' the period. 

JIiocene history.-Eocene sedimentation was 
brought to a close by an uplift by which the shore 
line was carried far to the east and probably all 
the present State of Maryland became land. This 
was followed by a l'E'snbmergence and another cycle 
was commenced. TIle deposits of the Miocene were 
laid down upon the land surf~lce whirh had just 
been depressed beneath the water. Slnggisll Rtremns 
brought in fine sand and mud, which the waves and 
ocean eurrents sprcad over the sea bottom. Occa
sionally leaves from land plants wcre also carried 
out to sea and later dropped to the bottom as they 
becamc saturated with water. 

:Ncar the beginning of ~Iioeene submergence, 
certain portions of the sea bottom received little or 
no materials from the land, and the watcr in those 
places 'was well suited as a habitat for diatoms. 
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These must have li\"ed in the waters in countless 
millions, and as they died their Riliceous shells fell 
to tho bottom and produccd the bC'ds of diatoma
ceous or infusorial earth which are RO common in 
the 100ver part of the Calvert formation. l\Iany 
Protozoa aR well aR )lo11usca lived in the same 
waters and their remnins are plentifully distrib
uted throughout the deposits. During thc }Iioeene 
epoch the t'ouditions seem to have been favorable 
for animal life, as may be inferred fi'om the great 
depoRitl:l of shell marl which were then formed. 

~\fter thc deposition of the Calvert formation 
the region was u.Q,'llin raiRcd and 8ubjected to erosion 
for a Ahort period, and then sank once more bejlCath 
the sen, The Choptunk formation was laid down 
contemporanC'ously with thf' ndvftncing ocean. 
This formation lips unconformably upon the Cal-
vert, and farther north it. In neigh-
boring regions to the south tlli.,,; quadrangle a 
third Miocene formation, tIle St. Marys, was depos
ited conformably upon thE' Choptank at. a later 
period, 

Pliocene (?) kiRtory.~At the close of the Mio
eene the entire region was uplifted to form land. 
Streams at onco hegan to Cllrve valleys 00 t.he fea
t.urelesR surface. The.'le ('onditions continued until 
the cOlmtry was redllced approximately to a base
level, so that tllE' wE'athf'red products of the Pied
mont were not canied off hy the slugbrish stre.ams. 
Then a subsidE'nce occurred which again brought 
the region under wHter. Coincident with the sub
sidence therE' spems to have been a slight elevation 
and tilting of the region west of t.he shore line. 
Thf' heads of the streams werc gi veil renewed force, 
enabling them to carry down and sprf'ad over this 
rcgion large quantities of gravel and sand, derived 
from the Piechnont deposits and thE' Paleozoic for
mations to the west.. 

The evidcnce for t.he source of thE' material is 
found in many difi'erE'nt pebhles whosE' origin ran 
be traced by tht'ir lithologic character 01' the fossils 
they contain. In the vicinity of "\Yasl1ington many 
of t.he gravel deposits COl1tflin fossils of Devoni:m 
and Carboniferous age brought from regions beyond 
the Blue Ri(lgo, These fossils show that Potomae 
lliYer had extended its rlrainage basin westward to 
those regions. During thc ;ubmergence beneath 
the Lafayette Rea, conditions Wf're not uniform O\"8r 
the entire area, as grayel deposits were forming in 
some plat:es at the s:une timc that t.he clay bed.':! 
wcrc being deposited in others adjoining. Yet on 
the whole scdimentation was remarka.bly uniform 
throughout the flrm, considering the circumstances 
under whie-h it took place. Over the former land 
surface a fill1"ly persistent capping of gra\'el was 
depositrd. But land movements wprc again taking 
place slowly. The velocity of the streams was 
che,{'ked so that gra vel could no longer be carried 
down except in oC'eRsional freshots. Fine snnd and 
loam ,yere bid down over the gmycl which had 
been previously depoRited. This loam, which is so 
extensi vely dc,yeloped over a large portion of Prince 
Georges County, marks the last period of LafilJett.e 
sf'(limentation. It marks also the last timo that. the 
entire region waR submerged beneath the ocean 
waters. 

Plei,~t(Jcerw hi8tory.-At tIlC close of the Pliocene 
epoeh the region was raised again and extensively 
eroded, awl wus then lowered and received the 
deposits which l'onst.it.ute the first member of the 
Columhin group, The Sunderland, "\VieoIllico, 
an(l Talbot formations, which make,up this f::,'Tonp, 
are expoRed over a series of terraces lying one 
above another t.hrollghout. the N ort.h Atlantic 
COflstal I'lain from Raritan llav to l"lotomac 
Hb"er, as well as in Yirginia and~ probably still 
farther Routh. The kev to the solution of the 
relations existing betwec~ the surficial deposits of 
.Maryland lie8 almost exchlsively in a correct cor
relation of these terraces. Much light may' be 
thrown on this problem by a careful study of the 
Recent tenare now forming along the shores of 
the Atlantic Ocean and Chesapeake Bay and its 
tributaries. A diRe-ussion of thii'1- terrare iR given 
below. 

After the close of the post~Lafayette erosion 
period the Coastal Plain was g-radually lowered 
and the Sunderland sea nd mnccd over the sinking 
regiOlI. The waves of t.his sea cut. a scarp against 
the existing headlands of Lafayette and oldcr rocks. 
This scarp was prominent in some places and 
obseure in othel's, but may be readily recognized 

in certain localities. As fast as the waves supplied I of the laud against which the waves beat. A lo,,~ 
the material, the shore and bottom eUlTent..'l swept coast line yiclds a low sea cliff and a high coast 
it out to deepC'r water and deposited it so that the line the reverse, and the one passes into th"e other 
baRal member of the Sunderlan(l formation, a llliX-1 as often and aR ahwptly as the topog-raphy changes, 
ture of clay, sand, and graYl~I, represents thc work so that along the shore of Chr-.Sllpf'Hke Day, high 
of shore currents along thc a(iYancillg margin of, cliffs and low depressions oeem in sueccssion. 
the Sunderland sea; whcreas the upper member,' In addition to these features, bars, spits, and 
consisting of day and loam, was deposited by other shore formations of thiR character are bein~ 
quieter currents in deeper water after the shore produced. If the present. ('oast line were elevated 
line had advanced Rome distance ·westward and only slightly, the subaqueous platform which is now ill 
the finer material found its way very far out. Ice- proeess of building would appear as a well-defined 
borne bowlders are also Rcattered through tIle fo1'- tcrrace of variable width, with a surface either flat 
mation at all horizons. or gently Rloping toward the water. This surface 

After the deposition of the Sunderland forma- would eyery,yhere fringe the shores of t.he oeean 
tiOIl, the cOllntry was again elevaterl above ocean and bay, as well as t.hose of the eRtllarieR. The sea 
level and erosion began to teal' away t.hf' Sunder- elift' would at first. be sharp and easily distinguished, 
land terrnce, This elevation, howeyer, wns not of but with the lafij:le of time the less conspienolLS por
long duration and the ('ountry eventually sank tions would gradually yield to the leveling influencet-: 
below the waves again. At this time the "Ticom- of erosion :md might finally disappear altogether. 
ico sea repeated the work \\hich had lweu done by Erot-:ion would also deRtroy, in large measure, the 
thc Sunderland sea E'xcept that it deposited its eontiuuity of thc terrace, hilt aR long as portionR of 
materials at a lower level and cut its searp in the it remnined intact, thl' old surfilee could l)E'rerOIl
Sunderland formation. At this time also there st.rneted and the history of its origin determined. 
was a contribution of ice-horne bowlders which 
wcre depositf'd promiseuously over the bot.tom 
of thc '\Vicomieo sea, These nre now found at 
many places embedded in the finrr matE'ria 1 of 
the \Vicomico formation. 

At the close of vVicomico time t.he ("ountry ,vas 
again elevated and eroded, and then lower~d to 
receive the deposits of the Talbot sea. The geo
logic activities of Talbot time were a repetition of 
those carried on during Sunderland and Wieornico 
time. The Talbot sea cut its scarp in tllO "\Vicom
ieo formation, or in some places removed t.he 
'\Vicomico completely and cut into the Sunderland 
or still oldcl' deposits. Deposits wt're made on its 
terracc, a flat bench at the base of this (>scarpmellt. 
Ice-borne bowlders are also extremely common in 
the Talbot formation, showing that blorks of ieo 
eharged with detritus from tIle land drifted out and 
deposited theil' load Oye1' the bottom of t.he Talbot 
sea. 

Embedded in t.he Talhot formation at Fairhayen 
there is a lcns of' drab-colored clay bearing plant 
remains. The stratigraphie relations of this and 
similar lenses of clay OCCUlTing elsewhere in the 
Coastal Plain show that they are inyariably 
unconfol'mahle with the underlying formation and 
apparently so ,vith the oyerlying snnd and loams 
belonging to t.he Talbot. This relationship was 
very puzzling until it appeared that the apparent 
unconformity wit.h the Talbot, a lthollgh in a sense 
real, does not, however, represE'nt an app,'e('iahle 
lapsE' of timc and that, consequently, the day lenses 
are nctually a part of tllflt format.ion. In brief, the 
cla.ys carrying plant rcmains arc rcgarded as lagoon 
d0posits made in ponded strf'.am channels and grad
ually buried beneath the [l(lYancing beach of the 
Talbot St'a, The clays carrying marine and bl'ac1k
ish-water organisms are believed to have been at 
first off-shore neposits mnde in modcrately deep 
water, and later brnekish-wlltcr deposits, fOTlned 
behind a barrier beach and gradually buried hy 
the adynnee of that heaeh toward the land, As 
a fuller discucsion of this question has been giyen 
in the St. .Marys folio (No. 136) it. will not he 
rcpeated here. 

ReCf'llt hi,';lm'.I/,-The last. event in the grologic 
history of t.he region was a flown \vard 1ll0YClnent, 
which is still in progress. It is thiR which has 
produced the CBtuarit's and tide-water marshes 
that form conspiclLous feaiures of the existing 
topography. At the pl'eRent time the wave.'l of 
the Atlantic Ocean and ChE'sapeake Bay are at 
work tearing away the land along their margins 
and depositing it on a subaqueous platform or ter
raec. This terrace is evel'ywllCre present in a more 
or less perfect. state of development, and may be 
obsenTed not only along the exposcrl shores, but 
alBo on passing up the estuaries t.o their heads, 
The materials which compose it are varie(l, depend
ing both on the detritus directly surrendered by 
the land to the sea and on the currentR whirh 
sweep along the shore. On an unbroken coa8t the 
material has a local eharacter, ,,,hile in the \Ticinity 
of a river mouth the terraces are compose(l of debris 
contributed from the entire ri yer basin. ~ 

Be.'lides building a. t{'rracc, thc waves of the 
ocean and bay are cutting a sea cliff along their 
coast line, the height of' the cliff depending not. so 
much on the force of' the breakers as on the relief 

PHYSIOGRAPHIC' RECOHD. 

The history of the deYelopment of the topog
raphy as it exists to-day is not eomplicated. The 
topographic features WE're formed at seyeral differ
ent periods, during all of which tho conditionR 
must haye been vcry similar. The physiographie 
record is merE'ly t.he history of the development of' 
the four plains aheady described as occupying dif· 
ferent levels, and of the present drainage channels. 
The plains of the Patuxent quadrangle are pri
marily plains of deposition whieh, since their for
mation, ha \'e bccn more or lesB modified by the 
agencies of erosioll. Theil' deposition and subse
quent. elevation to t.he heigllts at which they are 
now found indicate merely RucrE'ssive periods of 
depression and uplift, The drainage channels 
have throughout most of thcir courses undergone 
many chan?:es; periods of rutting ha,Te been fol
IOWE'd by periods of filling, and the pre.'lent valley~ 
and basins are t.he results of thE'se opposing forceR. 

Lafayette stage. ~ '\Vithin thc bordcrs of tiw 
Patuxent quadrauglc there are eyidence.'3 of fre
quent ehanges during Cretaceous and early Ter
tiary time whieh reRulted in the deposition of a 
suecession of formation:::; composed of hetE'rogeneouR 
materials. These changes, howcver, were to only 
a very slight extent. influential in produeing the 
present topography, so that in he6>1.nning the dis
cWlsion of' tht' physiographic history of the l"C'gion 
they may be omitted, Toward t.he close of the 
Tertiary, however, a ehange in eonditions oecurred 
which is dearly shown in the existing topography. 
A layer of gravels, sands, and clays was spread 
over the entirc Coast.al Plain and along the borders 
of the Piedmont Platcau during the Lafayette sub
mergence. These deposits, which, as already stated, 
must ha ve been laid down on a rather irregular sur
filf'E', formed a thin mantle of' materials, ranging 
from 25 to 50 fect in thickness. "'''"hen the uplift. 
which terminatcd Lafayette deposition occurred, II 

very cven, gently sloping plain extending fr~m the 
Piedmont Plateau to the ocean, bordered the eonti
nent. Across t.his plain, which was composed of 
coarse, uncon~olidated materials, streams rising in 
the Piedmont grwlually t.'xtended their eourses, 
while new ones eonfine(l to thc Coastal PIaiH 
wcre also developed. At this time the Rhore line 
seems to have been fiuther east. than now, and 
t.he present submerged ihannels of the continent.al 
shelf wel'e probably then eroded, The Coastal 
Plain portions of Delaware River, with its exten
sion Delaware Bay;' Chesapeake Bay, which is the 
continuation of Susquehanna Hi\'er; and Potomac, 
Pat.uxent, Rappahannock, James, and other rivers 
date from this post~Lafayette uplift. The att.itude 
of t.hc subsequent deposits makes this cvident, for 
the Sunderland, \Vicomico, Talbot, and Recent. 
tenace formations all slope toward these various 
waterways. The Lafayette formation was cut 
through by the strE'llmS, and valleys were opened 
in the older ~leposits. 8e\'eral of these valleys 
becamo many miles 'wide before the corrasive powE'r 
of the streams was checkcd h.Y the Sunderland suh
mergence. 

Sunderland stage.~As t.he Coasta.l Plain was 
depressed, in early Pleistocene time, t.he ocean 
waters gradually extended up the river valleys and 
oyer the lower lying portions of the stream divides. 
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The waves worked on the Lafayette-covered divides another down"ward movement began. This last 
and removed the mantle of loose materials, which 8ubsidcllce is probably still in progress. Before 
wel'e either deposited farther out in the ocean'or it began South, 'Vest, Patuxent, and Potomac 
dropped in the estuaries formed by the drowning rivers, instead of being estuaries, were undoubt
of the lmver courses of the streams. SCll diff."l edl)' streams of varying importance lying aboye 
produced on points exposed to wave action ·were tide and emptying into u diminished Chesapeake 
gradually pushed hack as long as the sea continued Bay. 'Vhethet this movement will continue much 
to adVanCE'. TheRe eli:tr:':! are now reprcRented by longC'r call not, of eOUfse, be dctermincd, but with 
the escarpment separating- the Sunaerland from the [i respect to Delaware RiH'r there is sufficient eyidence 
LafityC'ttc. The materials 'which the waw's gath- to show tlu1;.t it has been in progress within very 
efed from the Rhol'e, together with other materials i ref'ent time and undoubtedly still continues. Many 
brought in hy the wcre Etpread out ill the' square' milel'! that }lfId been lalld before this subsi-

materials at the hase of the deposits, with a rather 
persistent loam cap which marks the last stage 
deposition during each particular submergence. 
This surficial loam, which is very similar in all 
four fonnations, has bcen extensively used for the 
manufacture of brick at many places in Yirginia, 
the District of Columbia, Maryland, and. southeaRt~ 
ern Pennsyhania. It is genel'ally not more than 3 
or 4 feet in thiekness, yet, becauRe of its position, 
many heds no more than 1 or 2 feet thick ('an be 
worked with profit. The loam is widely distrih
uted t.hroughout the Patuxent qua(lrangle and, 
t.hough not quite coexteusiye with the formations 
of which it forms a part, it is present in almost 
every locality where the Lafayette and Pleistocene 
formations occupy flat divides that ha\'e not suf
fered mllch erosion since their deposition, In 
general tlle surface loam is adapted only to the 
manufacture of thc common Yarictif's of l)rick and 
till', but in some places it is suitfl LIe for making 
a fail' quality of' paving Lrick. In the Patuxent 
quadrangle the surfnce loam from the Talbot and 
'Yicomico formatiollB has heen utilized at Elevernl 
differcnt times for the manufacture of brick in the 
eastern pflrt of V\Tashington, ncar Anacostifl Ri\'er. 

t'stuaries and constitute Sunderland formation. dence commenced are now beneath the ..,vaters of 
The tendcncy of the 'work done wal'( to destroy all Chesapeake Bay and its estuaries, and are recei\'

irregularities produced during the post-Lafayette illg deposits of mutl and sawl from the adjoining 
erosion interval. In many places old stream courses lantl. 
were undoubtedly oLliterated, but the channcls 
the larger Btreallls, although probably in some I 
placC'R entirely fillcd, were in thc main left lower i 

than the snrrounding regiollB. Thus in the uplift 
followin?; Sunderland aeposition the hll"gcr streams 
reoccupied pradically the sallle channels they had 
t'aned out in the preceding erosion period. They 
at onC'e hel!,'an to clear their ('hannel8 and to widen 
t,heir valleys, so that when the next submcrgence 
occurred the strca,ffiS were eroding', HS before, in 
Tf'rtiarv and Cretaceous Illaterials. On the dividf's 
also th~ Sunderhmd was ,gradually undermined and 
worn back. 

Wicomico ,~faile.-"\Yhen the Coastal Plain had 
been above watcr for a consiflcrable time after the 
eh'Je of Sunderlalld dl'position a gradual Rubmer
gence again occurred, so that the ocean waterB on('e 
more encroached on the land. ThiY submergence 
~eems to have been about equal in amount through
out a large portion of the district, showing that the 
downward movemcnt was without deformation. 
The sea did not ad vance upon the land (IS far as it 
did during the previous snbmergenec. At many 
places along the shore the waV€.9 cut cliff.-3 into the 
(leposits that had been laid down during the pre
ceding cpoch of deposition. Throughout many 
portions of the Coastal Plain fit the present time 
these old sea cliffs nrc still preser\'ed as esenrpments, 
ranging from 1 () to 1,) feet in height. "\Vherc the 
waves were not sllffiriently strong to enable them 
10 cut cliffs it is somewhat tliffieult to loeate the old 
Rhore line. During this time a large portion 
the Patuxent quadranglc waR sllhmergcd. The 
~underhl11d deposits were largely destroyed by the 
f1dvancing waYes and redcposited oyer the floor 
the "Ticomico sea, although those portions which 
lay above HO to 100 feet were for the most part 
preserved, Deposition of materials brought down 
by strcams from the adjoining land also took pInee. 

Although the 'Yicomico submergence permitted 
the silting up of' the submerged stream channels, 
yet the deposits were not thick enough to fill them 
entirely. Accordingly, in the uplift following 
Wicomico dC'position the large streams reoc{'upied 
their former channels, with perhaps only slight 
ehanges, New streams werc also dC\Teloped and 
t.he'Vicomico plain was morc or less dissectt'd along 
the water courses, thc divides being at the same 
time gradually murowed. This erosion pcriod was 
interrupted L;v the Talbot submergenet', which car
l'ied part of the land beneAth the sea and again 
drowned the lower courses of the streams. 

Talbot slage.-The Talbot deposition diu not take 
place over so extensiyc au area as was coyered by 
that of the 'Yicomico. It waR eonlined to the old 
vallc'y~ and to the Imv stream divide,',!, where the 
ad vancing WHWS ue:-;tl'oyed the '"Tieomico deposits. 
The sea cliffs were pushed baek as long as the 
\"ayes advanced, nlltl HOW lltand as an eSenrplllf'nt 
that marks the boundaries of the Tall)ot sea and 
e8tuaries. This is the Talbot-'Yicomico escarp
ment, previously described. At some places in 
the old stream ehannels the depositR were RO thick 
that the streams in the sueceecling period of eleya
tion and erosion fOllnd it ensier to excayate new 
courses than to follow the old ones. Generallv, 
ho\ve\'er, the Rtreams reoccupicd their former clla~
nels and renewed the cornlsiYe work which had 
been interrupted by the Talbot Rubmergcnce. As 
fl result of this erosion the Talbot plain is now in 
many phlCes rather Ilneven, yet it is more regular 
than the remnants of' the Lafilyette, Sunderland, 
and "\Vicomiro plains, which have heen snbjectecl 
to denudation for a mllch longer periotI. 

Recent ~tage,-The land probably did not long 
remain stationary with respect to sea level before 

Patuxent. 

~XX)1'!OMIC GEOLOGY. 

:'UIXEHAL RW:;OTlltCE~. 

The mineral resources of this region are neither 
extensive nor especially yaluaLle, but the Patuxent 
quadrangle contains some deposits that ure of con
siderablc e('onomic importance, although they have 
not hitherto heen yery largely workcd. Among 
the mOBt important are clays, sands, gravels, build
ing stone, glauconitic find shell marls, diatomaeeous 
cflrth, and iron ore. [n addition the soils con
tribute much to the value of' the region, which is 
primarily an agriC'ultural one, and abundant sup
plies of water, readily obtainable in almoBt every 
portion of' the quadrangle, form a furtiwr part of 
its mineral wealth. 

Next to thc soils thc davs constitute the mORt 
valuable economic deposits ~f the Patuxent qnad
Itluglc. As already stated ill the discussion of 
the Btrati~rapJly of the region (p. 3), several of 
the formfltions contain cOllsiderable quantities of 
clay. These argilhlC'eous beds are rather generally 
distributed throughout the quadrangle, but, so far 
as known, haye in recent years been worked only 
in the ';;jcinity of "\Yashin~ton. In ('olonial days 
bricks were nultle at a number of points through
on~ the region. The clays are found in each serieR 
of depoBits representcd in the region. For con
venience they may be discusBed nnder the head
ings Potomac, Eocene antI Miocene, and Lafnyette 
and Pleistocene clays. 

Potomac c1(J!I,~.-The clays of tJle Pot()mac group 
are the most valuable within the region under (,Oll-

Each formation of the gTOUp cont.ains 
deposits of clay that are suitable for a varicty of 
uses. Some clays from the Patuxent have been 
e~ployed for tll~ manufacturc of common brick, 
fire brick, and terra cotta; the Arundel contains 
days adapted to the manufacture of common 
brick, terra coUa, sewer pipes, and pottery; tlle 
Patapsco with its great variety of' clays furnishes 
material suitable for the manufacture of common 
brick, fire brick, and other refractory ware, sewer 
pipes, and pottery; and the !:lomewhat leBs argilla
ceous l{aritan formation contains days adapted to 
the manufacture of common hrick, terra eotta, and 
fire brick. 

Eocene and J.lfiocene clays.-Although argilla
ceous beds occur very commonly in the Eocene and 
Miocene strata of the quadrangle, in gcncral they 
are too l'Iandy to be of much C'eonomie importance. 
Considerable lime, tlerived from the numerous fos
s-il shells whieh arc either generally distributed 
throughout the sandy day or concentrated in defi
nite shell beds wit.hin the formationB, also renders 
these of less value. They are, howewl', yery 

being exposed in the diff."! along CheRa-

Inasmuch as thc arenaceous phase predominates 
in almoBt every COflstal Plain formation represented 
in thc rcgion, the r'atuxent quadrangle ('ontains an 
unlimited supply of sand. The sand of the Pleis
tocene and Lafayette formations is used locally for 
building purposes, but as it is so readily obtainable 
in all parts of the region no large pits have been 
opened. 

In some places the quartz sands of the Miocene 
seem to bc purc enough for glass making, suggest.
ing the Miocene glass flands so extensively exploited 
in southern Kew Jersey, although they hflve never 
been used in that way in this region. Cureful 
chemical analyses and physical tests, which have 
not been made, would be reqnired to determine 
thC'ir usefulness in this industrv. 

The ).fagothy sands in the ;icinity of Anacostia 
ha \'e long been worked and at present the most 
extensive sund pits of the quadrangle arc opened 
in deposits of this age a short distance south 
Anacostia. The sand ill used for building and 
filtering purposes, In certain places the Potomac 
deposits contain lllolding sand of' fair grode, but it 
has not been used to any great extent, 

Locally the Lafayette and Pleistocene sands are 
rich in ferruginous 111lltwr, which in some places 
cements the grains together, forming a ferruginous 
sandstolle. Sands of this character POSS('flS a dis
tinct yalue for road-making pnrpos!?s, as they pack 
readily and make a firm road bed. "\Vhere the 
material can be easily obtained in large quantities, 
good roads ('an be very economieal1y constructed 
with it. 

The Pleistocene, Lafayette, and Potomac forma
tions contain numerous beds of gravel ,videly dis
trihuted throughout the region. Those of' the 
Pleistocene and Lafayette de.posits are generally 
rich in iron, which ads as a cementing agent, thus 
rendering them of' considerable yalne as ballast for 
roads. There are numerous gravel pits in the 
eastern part of thc District of Columbia in deposits 
belonging to the Sunderland and Lafayette forma
tions, and elsewhere in the viciuity of"Vashinbrton 
there arc smaller pits hI deposits of 'Vi('omico' alld 
Talbot age. 

pl'flke Bay and Patuxent HiYer and in the vaUeys The Patuxent quatlrangle contains few beds 
of tributary streams, and if a way of utilizing them building stone of mllch importnncE', yet in placcs 
should be discovered, they could be obtained in materials occurring within the region ha\'e been 
great quantities nt little expense. The pink clay used locally, Thc granite gneiss is the bcst build
at the base of the Nanjemoy formation, known as ing stone of thc quadrangle and furnishes good 
thc Marlboro clay, is the most "alliable deposit of material for founllat.ions and otht'r rongh 'work. It 
thiR group. It is about 25 feet thick and is exposed is schistose and consequently can not be ohtained 
at many places in the strcflm vnl1eys between South in large maBses, hut for that reason can be very 
RiYer and Upper )'IarlLoro, and at a few places easily quarrietl. Some of the more massive beas 
still :fill·ther southwcst. The clay is fairly plastic furnish stones suitable for building, and in places, 
and no doubt could be used for making pressed whcre the beds are thinner and more micaccous, 
bri('k, but is not plastic enough and :is, besides, flagstones can he obtained. 
rather too for pottel'Y. Although the Coastal Plain formations of the 

Lafayette Plei[;tocene clays.-As already region arc eOlllposetl almost entirely of unconsoli-
statcd, the Lafayette, Sunderland, Wicomico, and I dated materials, yet locally indurated beds are not 
Talbot formations are generally composed of coarse uncommon. In the absence of any hettf'r stone 

these indurated ledges furnish considerable mate
rial for the construction of foundations and walls. 
The best stone of this class is the firmly cemented 
white sandstone occurring in the Magothy forma
tion about 1 mile north of Collington. The shell 
bedi" of the Aquia in the vieinity of Upper Marl
horo are so firmly consolidatcd that they furnish 
building stone, ..,vhich though of poor grade if! 
nevertheless suitable for rough work. The gra vel 
bands of the Lafayette and Pleif,to('cnc are, in many 
pbees, 010 firmly ~emented by iron oxide as to for~ 
pebble conglomerates of' considerable strength. A 
portion of thc wall about St. Eliznbeth's Asylum 
i8 constmcted of fl ferruginous conglomerate of t.hiR 
chal'3cter. 

Gla'Ucom:te marls.-The Eocene and Upper G1:e
taceons formations of the Patuxent quadrangle are 
rich in deposits of glaut'onitie marls, which are of' 
yalue aB fertilizel's. Ij'rom :New Jersey to North 
Carolina such deposits have been worked spasmod
iCfllly since the early part of the last century, when 
their vallie was first determinetl, yet their impor
tance in enriching the soil hns never been gcn
erally recognized. They consist of quartz sand 
with an admixture of many grains of glauconite, 
a soft green mineral which is essentially a hydrous 
silicate of iron and potassium. On a{'coullt of t.he 
glauconite, tile TllflrlR are green in eolor and are 
commonly known as "greensand marls," They 
are rich in calcium carbonate derived from thE: 
shclls which are abundant in the deposits, and 
chemical analyses usually show the presence of 
small amounts of mineral phosphates. The marls 
thus contain three important plant foods-potash, 
lime, and phosphates. Altogethc·l' these constitute 
only a small pcrcentage of thc entire content of' th(' 
deposits, yet whereycr the marls can he obtained at 
low cost, tIley furnish economical means for increas
ing Boil fertility. Where the g1auconite marls have 
heen used it is claimcd that their henefieial effect is 
mueh more lasting than that obtained by means of 
artifi('ifll fcrtilizers. "Tithin the quadrangle lllany 
Eocene and Upper Cretaceous beds rich in glaueo-
11ite ontcrop along the sides of the stream valleys, 
extending in a belt diagonally aeross thc quadrangh-' 
from South Rivcr to l\Iat.t.:nyoman Creek. 

Sltell marls.-The shell marls of the }liocenc 
and Eocene formations also valuaLle ferti-
lizing propert.ies for soils in lime. In 
some places thc shells are mixed with so much sand 
that the lime forms only a small part of' the deposit, 
but in others the amount of lime excccds 90 pel' 
eent. Experiments show that Letter results have 
been obtained by the use of shell marl than by 
that of' burned stone lime. The marl acts both 
chemically and physically and has a beneficial 
effect on both clayey and sandy soils. So far as 
known, the shell marls of this region have not 
bccn utilized, although they are extensively devel
oped ·in many localities in the southeastern part of 
the quadrangle. 

DIATOMACEOUS EAR'l"H. 

The prilleipal diggings for diatomaceous earth 
are at Lyons Creek, although a bed of the material 
oecurring at the h11l:<e of the Calvert formation 
extellds from Fail'ha YCll, on the bay shore, to Popc 
Crcek, on Potomac RiYer, beyond the quadrangle 
bOllndary. Diatomaceous enrth, on 1tecount of its 
porosity and eompaetuess, is used in water filters 
and as an absorhent in the manufacture of dyna
mit.e. It is reduced readily to a finc powder and 
makes an excellent hase fa)' poli8hillg compounds, 
while its lloneollductivity of heat makes it. a valu
able ingredient in pa('king for stenm boilers and 
pipes and in the manufi1('ture of safes, the latter 
being the prillcipal use to ..,.,.hich it is put. It has 
been thought that. this carth might be of nse in 
certain branches of pottery manufacture whic11 
require refractory materials that have no color 
when burned. Heinrich Ries testcd a sample of 
diatomaceous eart.h from LYons Creek at ('onc 27 
in the Devillc furnace and found that the material 
fusetl to a drop of brownish Jl:lass. Its nOlll'efrac
t.ory charadeI' is thus clearly demonstrated. 

The Arundel formation, in the Potomac belt, is a 
famous SOUl'ce of iron ore, It yields iron carbonat{" 
limonite, hemfltite, Venetian-red ocher, et{'. Simi-



lar ores are found at other horizons-in the Potomac, 
and although no valuable deposits are known at 
the present time within this quadrangle, yet in 
contiguous regions the iJ,'on ores have been mined 
to a greater or less extent ever since colonial times. 
They are obtained by open cuts and by shafts. 
From these ores a very high grade of pig iron is 
made and the iron, which is noted for its toughness, 
is in demand at the United States Government 
arsenals and llavy~yards and to some extent in 
Europe. The only furnace now smelting the ore 
is located at Muirkirk, not far from the northern 
border of this quadrangle. This is at present the 
most important iron district of the entire Arundel 
belt and mining has been carried on here for over 
fifty years. The slag has been utilized to a consid
erable extent as road metal. 

S~ILS. 

1'he soils which the various formations of the 
Patuxent quadrangle yield have bE:en carefully 
mapped by J. A. Bonsteel, and his results, with a 
full discussion, have been published by the United 
States Department of Agriculture for those portions 
of the quadrangle which lie within Prince Georges, 
Calvert, and St. Marys counties. Those desiring 
information on this subject are referred to the 
publications of that Department (Field Operations 
of Division of Soils, 1900 and 1901) as well as to 
forthcoming reports by the Maryland Goological 
Survey on these counties. 

PETROLEUM AND :NATURAL GAS. 

Rumors have been circulated at various times of 
the discovery of petroleum and natural gas at sev
eral different places within the Patuxent quadran
gle. Although many of these rumors have been 
without foundation, small amounts of oil and gas 
have been observed in some places during the sink
ing of wells and in the vicinity of streams where 
there is seepage from porous beds. The gases gen
erated by decaying vegetation have been mistaken 
in certain cases for natural gas, and the iridescent 
film of limonite that sometimes appears on the sur
face of stagnant water in swamps and bogs has 
been supposed to be petroleum. 

Borings have been made about 2 miles west of 
Annapolis and about 1 mile south of Meadows in 
the search for oil and gas, but only traces were 
found. The Meadows well was sunk to a depth of' 
1511 feet, in all probability nearly to the crystalline 
rocks, thus practically proving the absence in that 
place of any considerable amounts of either of 
these materials. It is not probable that either 
petroleum or natural gas in paying quantities will 
be found within the limits of the quadrangle. 

WATER RESOURCES. 

12 

along the vaney~slopes. From these springs many 
of the inhabitants obtain their entire supply of 
water, which is usually of excenent character. The 
spring water, as also that in wells, is in places 
highly charged with mineral matter, particularly 
iron, sulphur, and saIt, and some such waters have 
been placed on the market. The most important 
mineral springs of the quadrangle from which 
waters have been sold are the :Bladensburg Spa at 
Bladensburg and the Algonquin Springs at Oxon. 

Nearly all the water supply of the Patuxent 
quadrangle is derived from shallow wells, varying 
in depth from 15 to 35 feet. The water is con
tained in the rather coarse sand or gravel bed so 
commonly fonning the basal stratum of the Pleis
tocene and Lafayette deposita. So generally is this 
the case that the depth of the shallow we~ls is 
usually a very good indication of the thickness of 
the surficial deposits. The surface water very 
readily penetrates the rather coarse surface mate
rials until it reaches the less permeable underlying 
sedimentary or crystalline rocks. While some of 
it continues its downward course into these harder 
rocks a great deal flows along on their upper sur
face until it finds its way gradually into the streams. 
Hence wells sunk to this level are practically 
assured of a supply of water which, while seldom 
large in flow, is in seasons of average rainfall 
capable of furnishing sufficient water for ordinary 
purposes. Such shallow wells are necessarily 
dependent almost entirely on the amount of water 
which percolates through t}le Columbia and Lafay
ette deposits after rain storms, and are thus apt to 
be affected by droughts. After periods of heavy 
rninfall the water may rise in the wells within a 
few feet of the surface and then is very roily. At 
other times the wells may become dry, yet this does 
not often occur because of the fairly equable distri
bution of rainfall during the year. The supply is 
less variable over tlie broad divides ·or on level 
ground, where water is always nearer the surface, 
than in the regions of narrow stream divid~, where 
the water finds an easy exit to the streams. In 
some places on the narrow divides in proximity to 
the major streams, it is necessary to sink wells to 
the depth of 100 feet or more in order to obtain a 
permanent supply of water. 

Most of the water of the shallow wells is obtained 
at the base of the Lafayette or SUllderland deposits, 
as each of these formations covers large areas in 
which the streams have not yet cut through to the 
underlying deposits. There are also a number of 
shallow wells in the Patuxent River valley that 
derive their water supply from the base of the 
Talbot formation. 

The water of the shallow wells usually contains 
The water supply of the Patuxent qu~rangle is so little mineral matter in solution that it is known 

found in the streams and wells of the district. as soft w~r. In many wells, no doubt, it does 
Many of the streams have been used at various contain organic matter, yet there is little evidence 
times to furnish power for small mills, but little to show that the water on this account is unfit for 
use has been made of them as sources of water drinking purposes. In many places, particularly 
supply. Washington, the only city within the in the low-lying region. bordering Chesapeake Bay 
quadrnngle, obtains its water supply at a point between West River and Herring Bay, the old
some distance beyond the boundary. Annapolis, . fashioned well sweep is used to bring the water to 
the main portion of which lies just east of the the surface. 
quadrangle, is the only city that draws its supply 
of water from this region, the source being Broad 
Creek, a tributary of South River. With the 
exception of the residents of these two C!ties, the 
inhabitants of the quadrangle derive their water 
supply from springs and wells. The wells are 
di vided into two classes-shallow dug wells and 
deeper bored wells, the deeper usually furnishing 
artesian water. 

The gently sloping strata, the alternation of 
porous and impervious beds, and the great amount 
of dissection by stream.s which the region has 
undergone, all contribute to the formation of springs 

ARTESIAN WELLS. 

Since water is so readily procured at shallow 
depths in. almost all sections of this quadrangle 
and few establishments in the region require a large 
supply, there have not been many attempts to obtain 
artesian water except on the low-lying land adjoin
ing Chesapeake Bay, where flowing wells can be 
harl at small expense. The area in which wells 
may be driven with the expectation or discovering 
a pressure sufficient to for~ the water to the sur
face is restricted to land lying 20 feet or less above 
tide. In areas above this altitude pump wells can 
probably be had from the water-bearing strata 
enumerated in the succeeding paragraphs, the 

water rising under artesian pressw'e above the lOllS a minute was obtained at a' depth of 140 
point where it enters the well, but not overHow- feetj at the Reform School water was encoun" 
ing. "The somewhat meag.er data obtained in this tered at a depth of 270 feet; and near Chesapeake 
and adjoining regions indit:ate the occurrence of Junction a well which formerly flowed but now has 
water at the horizons described in the following to be pumped obtains its supply of water at a depth 
paragraphs. Depths to these water-bearing strata of 350 feet. At Annap~lis, on the grounds of the 
in the quadrangle are given on the artesian-'water United States Naval Academy, a well sunk to tbe 
map. depth of 601 ·feet penetrated eight water-bearing 

Waters of the crystalline rocks.-The waters con- strata within the Potomac beds, from three of 
tained in the crystalline rocks of the Piedmont which water flowed out at the surface, 8 feet above 
Plateau are not of especial importance in this tide. At the lowest horizon, between 587 and 601 
quadrangle, since these rocks ·occur at or near the feet, a flow of water of 75 gallons a minute is 
surface in a very small area. In the vicinity obtained. rrhe water contains iron, but is of excel
Washington some wells obtain water from these lent quality when filtered. 
rocks, but to the northwest of this quadrangle they Water ho~-izons in the Uppm' C1·eiaceous.-The 
yield an important water supply. In general water sandy strata of the Magothy formation are in many 
occurs at less . definite horizons in the crystalline places water bearing. The water is apt to be 
rocks than in the Coastal Plain deposits, and it is strongly impregnated with iron, and locally with 
consequently much more difficult to predict the sulphur; consequently it is less desirable than that 
depth to which wens must be sunk to obtain a good obtained from the Potomac deposits. At Upper 
supply. i.Marlboro several flowing wells with an averuge 

Crystalline jlom· hOl'izon.-Beneath the unconsoli-I depth of about 225 feet obtain a good supply of 
dated sedimentary deposits of the Patuxent quadran- water from the Magothy. In some of the wells 
gle crystalline rocks similar to those exposed at the the amount of mineral matter in solution renders 
surface in the northwestern portion of the quad- the water somewhat undesirable for drinking pur
rangle undoubtedly occur. This underlying con- poses, while in others the mineral matter seems to 
solidated rock mass is frequently spoken of as be present only in very small amounts. The Naval 
Hbed rock." In general the ,crystalline rocks are Academy well at Annapolis obtained flowing water 
less permeable than the overlying deposits and from the Magothy at a depth between 180 and 220 
consequently check the downward passage of the feet, but as the supply was not sufficient the wen 
percolating soil water, which tends to flow along was sunk deeper. 
on their surface or to collect in depressions. The In New Jersey considerable artesian water has 
surface of these old rocks dips rather uniformly to been obtained from the greensand deposits of the 
t4e southeast at an average rate of more than 100 Upper Cretaceous. In this region no artesian wells 
feet to the mile. Along this crystalline floor much are known in which the supply of water is obtained 
water flows to lower levels, and it therefore marks from the Matawan or Monmouth deposita. These 
a good water horizon. Several artesian wells in are in genernl more porous than those of the Mago
the Coastal Plain derive an unfailing supply of thy or Potomac formations and contain fewer clay 
pure water from this level. In Washington and bands, so that the water passes more readily to 
the near vicinity water is obtained at this horizon lower levels. 
in several wells, of which those at St. Elizabeth's Water horizons in the Eocene.-The character of 
Asylum are the largest. Five of the six artesian the Eocene beds is in the main similar to that of the 
wells that supply the water system of Hyattsville Upper Cretaceous. More clay members are pres
probably obtain water at this horizon, which is ent, however, and consequently conditions for How
reached at a depth of 250 feet. Though the ing wells are more favorable. The water is almost 
water will overflow, the yield is increased by pump- everywhere heavily charged with iron, and sulphur 
ing. These five wells, together with another less is also present in places. NeverthelfflS, more flow
than half as deep, are all pumped together and ing wells in the Patuxent quadrangle obtain their 
yield 130 gallons a minute. supply of water from the Eocene than from any 

Throughout the greater portion of the quadran- other horizon. At Galesville there are several 
gle this crystalline floor can never be very impor- flowing wells ranging in depth from 110 to 150 
tant as a water horizon because of its great depth. feet; on the low-lying land to the east of Sudley, 
It was not reached in a 1511-foo~ boring about 1 locally known as "The Swamp," there are from 
mile south of Meadows, and it is probable that it twenty-five to thirty flowing wells, ranging in depth 
lies as much as 2000 feet below tide over a large from 120 to 140 feetj and at Leitch Wharf a flow 
portion of the quadrangle. of water is obtained at 140 feet. Most of the wells 

Wate~· h01'izOns in the Potomac strata. - The have a flow of 8 to 12 gallons a minute, but a few 
Potomac deposits contain many beds of ce8rse yield only 1 to 2 gallons. 
material that constitute good water-bearing strata. At Chesapeake Beach water has .been obtained at 
Some of these sand and gravel beds lie between a depth of 295 feet from a lower horizon in the 
impervious clay deposits and thus furnish the Eocene, probably near the base of the Aquia. It 
requisite conditions for flowing artesian wells. contains less mineral matter than the water from 
Within the District of Columbia the beds belong- the above-mentioned wells, which IS derived proba .. 
ing to the Potomac group are the principal water- bly from near the base of the :Nanjemoy. 
bearing formations. The water does not seem to Water horizoWJ in the Miocene.-In the southern 
come from anyone horizon of wide distribution, half of the quadrangle artesian water is obtainable 
as is shown by the varying depths at which it is from the Calvert formation. The Miocene deposits 
~ed .and by the failure to obtain any water in in the Coastal Plain contain, intercalated between 
these beds at certain places. Wells that were impervious argillaceous strata, numerous sandy beds 
unsuccessful in finding a satisfactory supply which furnish good supplies of water, usually of 
water were the 360-foot well at the ice works and excellent quality. At North Chesapeake Beach a 
the 133-foot well at the Mount Vernon apartment good flow of water is obtained from the Miocene 
house. On the other hand, at Hyattsville and in at a depth of 85 feet. At Governor Run, just 
the vidnity there are several wells with small flow beyond the southeast corner of this quadrangle, 
that derive their supply of water from Potomac there is a well a little more than 100 feet in depth 
strata at depths between 100 and 112 feet. At that derives a good supply of excellent water from 
Bladensburg flowing wells with capacities ranging Miocene strata. This well discharges about 10 feet 
from 1 to 15 gallons a minute have been obtained above tide and when it was first sunk had a flow of 
at depths between 73 and 100 feet; at the plant about 25 gallons a minnte, but at present the flow 
of the National Capital Brewing Company there is considerably less. 
is a l03-foot well that yields from 100 to 130 
gallons a minutej at Langdon a flow of 40 gal- April, 1907. 
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