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The Geological Survey is making a geologic 
map of the United. States, which necessitates the 
preparation of a topographic base map. The 
two are being issued together in the form of an 
atlas, the parts of which are called folios. Each 
folio consists of a topographic base map and 
geologic maps of a small area of country, together 
with explanatory and descriptive texts. 

THE TOPOGRAPIDC MAP. 

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

Relief.-All elevations are measured from mean 
sea-level. The heights of many points are accu­
rately determined, and those which are most 
important are stated on the map by numbers. 
It is desirable to show also the elevation of any 
part of a hill, ridge, or valley; to delineate the 
horizontal outline, or contour, of all slopes ; and to 
indicate their grade, or degree of steepness. This 
is done by lines connecting points of equal eleva· 
tion above mean sea-level, the lines being drawn 
at regular vertical intervals. These lines are 
called contours, and the constant vertical space 
between each two contours is called the contoWl' 

interval. Contours and elevations are printed in 
brown. 

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

Fig. i.-Ideal sketch and corresponding contour map. 

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

1. A contour indicates approximately a certain 
height above sea·level. In this illustration the can· 
tour interval is 50 feet j therefore the contours 
occur at 50, 100, 150, 200 feet, and so on, above sea­
leveL Along the contour at 250 feet lie all points 
of the surface 250 feet above sea; and so with any 
other contour. In the space between any two con· 
tours occur all elevations above the lower and below 
the higher contour. Thus the contour at 150 
feet falls just below the edge of the terrace, 
while that at 200 feet lies above the terrace; 
therefore all points on the terrace are shown to 
be more than 160 but less than 200 feet above 
sea. The summit of the higher hill is stated to 
be 670 feet above sea; accordingly the contour at 
660 feet surrounds it. In this illustration nearly 
all the contours are numbered. Where this is not 
possible, certain contours-say every fifth oue­
are accentuated and numbered; the heights of 
others may then be ascertained by counting up or 
down from a numbered contour. 
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EXPLANATION. 
2. Contours define the forms of slopes. Since 

contours are continuous horizontal lines conform· 
ing to the surface of the ground, they wind 
smoothly about smooth surfaces, recede into all 
reentrant angles of ravines, and project in passing 
about prominences. The relations of contour 
curves and angles to forms of the landscape can 
be traced in the map and sketch. 

3. Contours show the approximate grade of 
any slope. The vertical space between two con­
tours is the same, whether they lie along a cliff 
or on a gentle slope; but to rise a .given height 
on a gentle slope one must go farther than on a 
steep slope, and therefore contours are far apart on 
gentle slopes and near together on steep ones. 

For a flat or gently undulating country a small 
contour interval is used j for a steep or mountain· 
ous country a large interval is necessary. The 
smallest interval used on the atlas sheets of the 
Geological Survey is 5 feet. This is used for 
regions like the Mississippi delta and the Dismal 
Swamp. In mapping great mountain masses, like 
those in Colorado, the interval may be 250 feet. 
For intermediate relief contour intervals of 10, 
20, 25, 50, and 100 feet are used. 

Drainage.-Watercourses are indicated by blue 
lines. If the stream :flows the year round the 
line is drawn unbroken, but if the channel is dry 
a part of the year the line is broken or dotted. 
Where a stream sinks and reappears at the sur· 
face, the supposed underground course is shown 
by a broken blue line. Lakes, marshes, and other 
bodies of water'are also shown in blue, byappro. 
priate conventional signs. 

Oultwre.-The works of man, such as roads, 
railroads, and towns, together with boundaries of 
townships, counties, and States, and artificial 
details, are printed in black. 

8cales.-The area of the United St.tee (exclud. 
ing Alaska) is about 3,025,000 square miles. On 
a map 240 feel long and 180 feet high this would 
cover, on a scale of 1 mile to the inch, 3,025,000 
square inches. Each square mile of ground sur· 
face would be represented by a square inch of 
map surface, and one linear mile on the ground 
would be represented by a linear inch on the 
map. This relation between distance in nature 
and corresponding distance on the map is called 
the scale of the map. In this special case it is "1 
mile to an inch." The scale may be expressed also 
by a fraction, of which the numerator is a length 
on the map and the denominator the correspond­
ing length in nature expressed in the same unit. 
Thus, as there are 63,360 inches in a mile, the 
scale "1 mile to an inch" is expressed by ~ 
Both of these methods are used on the maps of 
the Geological Survey. 

Three fractional scales are used on the atlas 
sheets of the Geological Survey; the smallest is 
~, the intermediate ~OOOJ and the largest udoo­
These correspond approximately to 4 miles, 2 
miles, and 1 mile of natural length to an inch of 
map length. On the scale $ a square inch of 
map surface represents and corresponds nearly to 
1 square mile; on the scale ~, to about 4 
square miles; and on the scale~, to about 16 
square miles. At the bottom of each atlas sheet 
three scales are stated, one being a graduated 
line representing miles and parts of mihis in 
English inches, another indicating distance in 
the metric system, and a third giving the frac­
tional scale. 

Atlas Bheets.-The map is being published in 
atlas sheets of convenient size, which are bounded 
by parallels and meridians. Each sheet on the 
scale of ~ contains one square degree; each 
sheet on the scale of ~ contains one-quarter of 
a square degree; each sheet on the scale of 1iIi!,~ 
contains one·sixteenth of a square degree. These 
areas correspond nearly to 4,000, 1,000, and 250 
square miles, respectively. 

The atlas sheets, being only parts of one map of 
the United States, are laid out without regard. to 
the boundary lines Ot the States, counties, or town· 
ships. For convenience of reference and to sug· 
gest the district represented, each sheet is given 
the name of some well·known town or natural 
feature within its limits, and at the sides and cor· 
ners of each sheet the names of adjacent sheets, 
if published, are printed. 

U888 of the topollraphic Bheet.-Within the 
limits of scale the topographic sheet is an accurate 
and characteristic delineation of the relief, drain· 
age, and culture of the region represented. View· 
ing the landscape, map in hand, every character­
istic feature of sufficient magnitude should be 
recognizable. It should guide the traveler; serve 
the investor or owner who desires to ascertain the 
position and surroundings of property to be 
bought or sold; save the engineer preliminary 
surveys in locating roads, railways, and irrigation 
ditches; provide educational material for ~chools 
and homes; and serve many of the purposes of a 
map for local reference. 

THE GEOLOGIC MAP. 

The areal geologic map represents by colors 
and conventional signs, on the topographic base 
map, the distribution of rock formations on the 
surface of the earth, and the structure·section 
maps show their underground relations, as far as 
known, and in sllch detail as the scale permits. 

KINDS OF ROCKS. 

Rocks are of many kinds. The original crnst 
of the earth was probably composed of igneous 
rocks, and all other rocks have been derived from 
them in one way or another. 

Atmospheric agencies gradually break up igne. 
ous rocks, forming superficial, or 8Wrjioial, deposits 
of clay, sand, and gravel. Deposits of this class 
have been formed on land surfaces since the earli· 
e.t geologic time. Through the transporting 
agencies of streams the surficial materials of all 
ages and origins are carried to the sea, where, 
along with material derived from the land by the 
action of the waves on the coast, they form sedi­
mentuJry rooks. These are usually hardened into 
conglomerate, sandstone, shale, and limestone, but 
they may remain unconsolidated and still be 
called" rocks" by the geologist, though popularly 
known as gravel, sand, and clay. 

From time to time in geologic history igne­
ous and sedimentary rocks have been deeply 
buried, consolidated, and raised again above the 
surface of the water. In these processes, through 
the agencies of pressure, movement, and chemical 
action, they are often greatly altered, and in this 
condition they are called '1'IuJtamorphia rooks. 

Iyneous rooks.-These are rocks which have 
cooled and consolidated from a liquid state. As 
has been explained, sedimentary rocks were 
deposited on the original igneous rocks. Through 
the igneous and sedimentary rocks of all ages 
molten material has from time to time been forced 
upward to or nea.r the surface, and there con· 
solidated. When the channels or vents into 
which this molten material is forced do not 
reach the surface, it either consolidates in cracks 
or fissures crossing the bedding planes, thus form­
ing dikes, or else spreads out between the strata 
in large bodies, called sills or laccoliths. Such 
rocks are called intrusive. Within their rock 
enclosures they cool very slowly, and hence are 
generally of crystalline texture. When the chan­
nels reach the surface the lavas often flow out and 
build up volcanoes. These lavas cool rapidly in 
the air, acquiring a glassy or,more often, a crystal. 
line condition. They are usually more or less 
porous. The igneous rocks thus formed upon the 
surface are called ~e. Explosive action 
often accompanies volcanic eruptions, causing 
ejections of dust or ash and larger fragments. 
These materials when consolidated constitute 
breccias, agglomerates, and tuffs. The ash when 
carried into lakes or seas may become stratified, 
so as to have the strncture of sedimentary rocks. 

The age of an igneous rock is often difficult or 
impossible to determine. When it cuts across a 
sedimentary rock, it is younger than that rock, 
and when a sedimentary rock is deposited over 
it, the igneous rock is the older. 

Under the influence of dyn'amic and chemical 
forces an igneous rock may be metamorphosed. 
The alteration may involve only a rearrangement 
of its minute particles or it may be accompanied 
by a change in chemical and mineralogic composi· 
tion. Further, the structure of the rock may be 
changed by the development of planes of divi· 
sion, so that it splits in one direction more easily 

than in others. Thus a granite may pass into a 
gneiss, and from that into a mica-schist. 

Sedimentary rooks.-These comprise all rocks 
which have been deposited under water, whether 
in sea, lake, or stream. They form a very large 
part of the dry land. 

When the materials of which sedimentary rocks 
are made are carried as solid particles by the 
water and deposited as gravel, sand, or mud, the 
deposit is called a mechanical sediment. These 
may become hardened into conglomerate, sand· 
stone, or shale. When the material is carried in 
solution by the water and is deposited without 
the aid of life, it is called a chemical sediment; 
if deposited with the aid of life, it is called an 
organic sediment. The more important rocks 
formed from chemical and organic deposits are 
limestone, chert, gypsum, salt, iron are, peat, 
lignite, and coal. Anyone of the above sedi· 
mentary deposits may be separately formed, or 
the different materials may be intermingled in 
many ways, producing a great variety of rocks. 

Sedimentary rocks are usually made up of 
layers or beds which can be easily separated. 
Thes'} layers are called strata. Rocks deposited 
in successive layers are said to be stratified. 

The surface of the earth is not fixed, as it seems 
to be j it very slowly rises or sinks over wide 
expanses, and as it rises or subsides the shore·lines 
of the ocean are changed: areas of deposition may 
rise above the water and become land areas, and 
land areas may sink below the water and become 
areas of deposition. If North America were 
gradually to sink a thousand feet the sea would 
flow over the Atlantic coast and the Mississippi 
and Ohio valleys from the Gulf of Mexico to the 
Great Lakes; the Appalachian Mountaihs would 
become an archipelago, and the ocean's shore 
would traverse Wisconsin, Iowa, and Kansas, and 
extend thence to Texas. More extensive changes 
than this have repeatedly occurred in the past. 

The character of the original sediments may be 
changed by chemical and dynamic action so as to 
produce metamorphic rocks. In the metamor· 
phism of a sedimentary rock, just as in the meta· 
morphism of an igneous rock, the substances of 
which it is composed may enter into new com· 
binations, or new substances may be added. 
When these processes are complete the sediment· 
ary rock becomes crystalline. Such changes 
transform sandstone to quartzite, limestone to 
marble, and modify other rocks according to 
their composition. A system of parallel division 
planes is often produced, which may cross the 
original beds or strata at any angle. Rocks 
divided by such planes are called slates or schists. 

Rocks of any period of the earth's history may 
be more or less altered, but the younger forma· 
tions have generally escaped marked metamor· 
phism, and the oldest sediments known, though 
generally the most altered, in some localities 
remain essentially unchanged. 

Swrjicial rooks.-These embrace the soils, clays, 
sands, gravels, and bowlders that cover the surface, 
whether derived from the breaking up or disinte. 
gration of the underlying rocks by atmospheric 
agencies or from glacial action. Surficial rocks 
that are due to disintegration are produced chiefly 
by the action of air, water, frost, animals, and 
plants. They- consist mainly of the least soluble 
parts of the rocks, which remain after the more 
soluble parts have been leached out, and hence 
are known as residual products. Soils and sub· 
soils are the most important. Residual accumu­
lations are often washed or blown into valleys or 
other depressions, where they lodge and form 
deposits that' grade into the sedimentary class. 
Surficial rocks that are due to glacial action are 
formed of the products of disintegration, together 
with bowlders and fragments of rock rubbed from 
the surface and ground together. These are 
spread irregularly over the territory occupied by 
the ice, and form a mixture of clay, pebbles, and 
bowlders which is known as till. It may occur 
as a sheet or be bunched into hiIls and ridges, 
forming moraines, drumlins, and other special 
forms. Much of this mixed material was washed 
away from the ice, assorted by water, and rede· 
posited as beds or trains of sand and clay, thus 
forming another gradation into sedimentary 
deposits. Some of this glacial wash was deposited 



in tunnels and channels in the ice, and forrns char· 
acteristic l'idge8 and mound A of sand and gra,el, 
known as osars, or eskers, aIld kames. The 
material deposited by the ice is called glacial 
drift; that washed from the ice onto the adjacent 
land is called modified drift It iSl u8ual also to 
class as surficial rocks the deposits of the sea and 
of lakes and rivers that were made at the same 
time as the ice deposit. 

AGES OF ROCKS. 

Rocks are further distinguished according to 
their relative ages, for rocks were not formed all 
at one time, but from age to age in the earth's 
history. Classification by age is independent of 
origin; igneous, sedimentary, and surficial rocks 
may be of the same age. 

1Vhen the predominant material of a rock mass 
is essentially the same, and it is bounded by rocks 
oT different materials, it is convenient to can the 
mass throughout its extent and Ruch 
'a formation is the unit of mapping. 

Several formations considered together are 
designated a system. The time taken for the 
deposition of a formation is caned an epoch, and 
the time taken for that of a system, or some 
larger fraction of a system, a period. The rocks 
are mapped by formatjoml, and the formations are 
classified into Rystems, The rocks composing a 
system and the time taken for it13 deposition are 
given the same name, as, for instanee, Cambrian 
Kystem, Cam urian period. 

As sedimentary deposits or strata accumulate 
the younger rest on those that are older, and the 
relative ages of the depoKitR may be discovered 
by observing their relative positions, This rela­
tionship holds except in regions of intense dis­
turbance; sometimes in such regions the disturb· 
ance of the beds has been so great tllat their 
position is reversed, and it is often difficult to 
determine the relative ae-es of the beds from their 
positions; then losmls, ~r the remains of plants 
and animals, al'e a guide to show ·which of t",-o 
or more formations is the oldest. 

Strata often contain the remains of plants and 
animals .... vhich lived in the sea or were washed 
from the laml into lakes or l:leas or were buried in 
surficial deposits on the land. Rocks that con· 
tain the remains of life are calIetl fossiliferous. 
By studying tllese remains, or fossils, it has been 
found that the species of each period of the earth's 
history have to a great extent differed from those 
of other periods. Only the simpler kinds of 
marine life existed 'shen the oldest fossiliferous 

guished from one another by different patterns, 
made of parallel straight lines. Two tints of the 
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Pleistocene ....... . . . .. P An)' colors. I
s'~"" Oow. 

K eoce~e {~\ig:~~e ~ . . . .. N Ruffs. 

Eocene { including Oligocene} . . •. E Olive·browns. 
Cret.aceous ....... . 

Juratrias i ~~~;:::;g} . 
Carboniferous { inoluding Permian} 

Devonian ............... . 

Silurian {inclUding Ordovician ~ 
Calilbrian. 
Algonldan . 
Ar(lhean . 

Olive·greens. 
DIue·greens. 

BInes. 
nlue·purples. 

S Red·purples. 
-( Pinks. 
A Orange-browns. 

Any colors IR 

period·color are used: a pale tint (the underprint) 
is print.ed evenly over the whole surface repJ'esent­
ing the period; a dark tint (the overprint) brings 
out t.he different patterns representing formations. 
Each formation is furthermore given a letter. 
symbol of the period. In the case of a sediment­
ary formation of uncertain age tho }Jat.tern is 
printed on white ground in the color of the period 
to whieh the formation is supposed to belong, 
the letter-symbol of the period being omitted. 

The number of surficial formations of the Pleis· 
tocene is so great that, to distinguish its forma· 
tions from those of other periods and from the 
igneous rocks, the entire series of colors is used 
ill patterns of dots and circles. 

The origin of the Archean rocks is not fully 
settled. Many of them are certainly igneous. 
'Whether sedimentary rocks are also indllded is 
not determined. The Arcbean. rocks, and all meta· 
morphic rocks of unknown origin, of ,,'hate\-er age, 
are represented OIl the maps by patterns consisting 
of short dashes ilTeglllarly placed. These are 
printed in any ('0101', awl may be darker 01' ] ighter 
than the background. If the rock is a E'lch-ist the 
dashes or hachures may be arranged in wavy par­
al1ellines. If the rock is kJl(nvn to be of sedi· 
mentary origin the hachure patterns may be com· 
hined with the parallel.line patterns of sedi. 
mentary formations. 

Known igneous formations are represented by 
patterns of triangles or rhombs printed in any 
brilliant color. If the f'Jrmation is of known age 
the letter-symbol of the formation is preceded by 
the capital letter.symbol of the proper period. 
If the age of the formation is unkno'il,rn the letter­
symbol consists of small letters which suggest the. 
name of the rocks. ' 

THE VARIOUS GEOLOGIC SHBET8. 

same name is applied to a diat,TJ'am representing 
the relation~. The anangement of rocks in the 
earth is the earth's strudul'e, ILnd IL section exhilJit­
ing this arrangement is caned a structure section_ 

The geologist is not. limited, however, to the 
natural and artificial cuttings for his information 
concerning the earth's structure. Knowing the 
manner of the formation of rocks, and having 
traced out the relations among heds on the sur­
face, he can infer their relative positions after 
they pass beneath the surface, draw sections 
which represent the structure of the earth to a 
considerahle deptl), and construet a diagram 
exhibiting what would he seen in the side of a 
cutting many miles long and several thousand feet 
deep. This is illustrated in the follo\ving figure', 

Fig. 2.-Sketchshowmg a vertical section in the front of tile 
pioture, with a landscape above. 

The figure represents a landscape which is cut 
off sharply in the foreground by a vertical plane 
that cuts a section so as to show the underground 
relatioTIS of the rocks. 

The kinds of rock are indicated in the section 
by appropriate symbols of lines, dots, and dns}les. 
These symhols admit of much variation, but the 
following are generally used in sections to repre· 
sent the commoner kinds of rock: 

rocks were deposited. From time to time more AJ'eaZsheet.-This sheet shows the areas occu· 19noousrooks. 

eomplex kinds de\Teloped, and as the simpler ones pied by the various formations. On the margin is I"ig. B.-Symbols used to represent {litferent kinds of ruck. 
lived on in modified forms life became more a legend, '\"hich is the key to the lUap. To ascer-
varied. But during each period there lived pecul- t.ain the meaning of any particular colored pat- The plateuu in fig. 2 presents toward the lower 
iar forms, which did not exist in earlier times tern and its letter-symhol on the map the reader lawl an escarpment, or front, which itl made up 
and have not existed since; these are character. should look for that color, patteI1l, and symbol in 01 sandstones, forming the cliffs, and shales, con­
istic types, and they define the age of any bed of the legend, ,,,here he will find the name and stitnting the slopes, as shown at the extreme left 
rock in which they are found, Other types description of the formation. If it is desired to of the section. 
passed on from period to period, and thus linked find any given formation, its namtil should he The broad belt of lower land is traversed hy 
the syst.ems together and formed a chain of life sought in the legend and its color and pattern several ridges, which are seen in the section to 
from the time of the oldest fossiliferous rocks to noted, .vhen the arcas on the map eOlTesponding correspond to beds of sandstone that rise to the 
the present. in color and patt.ern may be t.raced out. suriaee. The upturned edges of tllese beds form 

1Vhen two formations are remote one from the The legend is also a partial statement of the the ridges, and the intermediate valleys follow 
other and it it'! illlpossible to observe their relative geologic history, The formationt'! are arranged the outcrops of limestone and calcareous shales. 
potlitions, the characteristic fossil types found in according to origin into surficial, sedimentary, and Where the edges of the strata appear at the 
them may determine which one was deposited igneous, and within each class are placed in the surface their thidme!'ls can be mea~l1red and the 
first. order of age, so far as known, the youngest at the angles at which they dip below the surface can be 

Fossil remains found in the rocks of different top. observed. Thus their positions underground call 
areas, of different provinces, and of different l"!.Gonomic sheet.-This sheet represents the dis- be infelTed. 
continents, afford the most important means for tribntion of useful minerals, the OCCUlTence of 'Vhen strata which are tlms inclined are traced 
comhining local histories into a general earth artesian water, or other facts of economic interest, under6'T0l1Ild in mining, or hy inference, it is fre· 
history. showing their relations to the features of topog. quently observed that they form troughs or arches, 

ColOl's and pattel'n8.-To sho"v HIe relativ~ ages raplly find to the geologic formations. All the sllch as the section shows. Rut these sandstones, 
o~ ~trata,. the his~ory or the sedimentary roc~s iE'l I formations w~ich appear on :he areal sheet are shales, and limestones were deposited heneath the 
dIVIded mto perIOds. The nameA of the perIOds, shown on thIS sheet by famter color-patterns. sea in nearly flllt sheets. That they are now bent 
ill propel' order (from new to old), with the color The arenl geology, thus printed, affords a subdued and folded is regarded as }Jl'oof that forces exist 
or colors and symhol assigned to each, are given background upon which the areas of productive which have from time to time caused the earth's 
below. The names of certain Imhdi\·isions of the formatioml Illay be emphasized by strong colors. surface to wrinkle along certain zones. 
periods, frequently Llsed in geologic writings, are A symbol for mines is introduced at eMh occur- i

l 
On the right of the sketch the section is COIn­

hra('keted against the appropriate period names. renee, accompallied by the nallie of the principal posed of schists which are traversed l)y masses of 
To distinguish the sedimentary formations of mineral mined or of the stone quarried. ! igneous rock. The schists are much contorted 

allY one period from those or another the pattel'lls I Structure·section shevt.-This sheet exhibits the and their arrangement underground can not be 
for the formationA of ea(~h period ure printed in relations of the formations beneath the surface. inferred, Hence t~tat portion of the section 
the appropriate period-color, with the exception In eliffA, callyons, shafts, anJ other natural and delineates what is probably true but is not 
of the first (Pleistocene) allu the last (Archelln). artificial cuttings, the relations of different beds known by observation or wen·founded inference. 
The formatiollA of anv one neriod. with t.he to one flnother mav he SP.P.fL Anv cmtt.im:r 'w11;('JI Tn flo> 9. t.hI"1'1" fHI" t.hrpp Olp·b;;: or fm·Hlllt.irH1Ol 

The first of these, seen at the left of the section, 
is the set of sarulstont)s and shales, which lie in 
a horizontal position. These sooiruentary strata 
are now high aLove the sea, forming a plateau, 
and their change of elevation shows that a por­
tion of the earth's mass has swelled upward frolll 
a lower to a higher level. The strata of this set 
arc parallel, [t relation ·which is called ()(Ynform· 
able" 

The second set of formations consists of strata 
which form arches and troughs. These strata 
,\Tere onee continuous, but the crests of the arches 
have been removed by degradation. The beds, 
like those of the first set, are conforma,ble. 

The horizontal st.rata of the plateau rest upon 
the upturned, eroded edges of the beds of the 
secOTld set at the left of the section. The over­
lying deposits are, from their position, eddently 
younger than the underlying formatiouA, and the 
Lending and degradation of the older strata must 
have occurred between the deposition of the older 
beds and the accumulation of the younger. 'Vhen 
younger strata thus rest upon an eroded surface 
of older strata the relation bctween the two is an 
'ul/.conformable one, and their surface of contact is 
an u,",ont'ormit',{" 

The of formations consist of crystal-
line schists and if,rneolls rocks. At some period 
of their history the schists were plicatecl by pres­
sure and traverl:led by eruptions of molten rock 
But this pressure and intrusion of igneous rocks 
have not 3:ffected the overlying strata of the second 
:,;et_ Thus it is evident that an interval of consid­
erable duration elapsed between the formation of 
the schists and the beginning of deposition of the 
strata of the second set. During this interval the 
schists sufferetl metamorphism; they were t}lf~ 

scene of eruptive activity; and they were deeply 
eroded. The contact between the second and 
third sets, marking a time interval between two 
periods of rock formation, is another uncon· 
formity. 

The section and landscape in :fig. 2 are idea], 
but they illustrate relations which actually occur. 
The sections in the strllctme-section sheet are 
related to the ma.ps as the section in the figurc is 
related to tlle landscape. The profiles of the SUI'­

face in the section correspond to the actual slopes 
of the ground along the section line, and the 
depth of any mineral.producing or water-bearing 
stratulIl which appears in the section lilay he 
measured from the snrface by using the scale of 
the map. 

Columnar-section slwet.-This sheet contains a 
concise description of the rock 1011llations which 
constitute the local record of geologic history. 
The diagrams and verbal statements form a sum· 
mary of the facts relating to the character of the 
rocks, to the thicknesses of the formations, and to 
the order of accumulation of successive deposits. 

The rocks are described under the corrcspond. 
ing heading, and their characters are indicated in 
the columnar diagrams by appropriate symbols, 
The thicknef)ses ox formations arc given under 
the heading "Thickness in feet," in figures which 
state the least and greatest measurements. The 
average thickness of each formation is shown ill 
the column, which is drawn to a scale-usually 
1,000 reet to 1 inch_ The order of accumulation 
o£ the sediments is shown in the columnar arrange­
ment: the oldest formation is placed at thc 
oottom of the column, the youngest at the top, 
and igneous rocks or other formations, when 
present, are indicated in their proper relations. 

The formations are' combined into systems 
which correspond with the periods of geologic 
history. Th11s the ages of tIle rocks are shown. 
and also the total thickness of each system. 

The intervals of time which correspond to 
events of uplift and degradation and constitute 
interrupt.ions of deposition of sediments may be 
indicated graphically or by the word" unconfornl­
ity," printed in the columnar section. 

Each formation shown in the columnar section 
is accompanied by its name, a description of its 
character, and its letter-symbol as used in the 
maps and their legends. 

CHARLES n IV ALCOTT, 
DlreotOJ' 



DESCRIPTION OF THE NOMINI SHEET. 
GEOGRAPHY. 

The province.-The area lying between the 
Atlantic Ocean and the Blue Ridge and .tretch· 
ing from the Hudson to Roanoke River is made 
up of two distinct geologic provinces. The first 
of these borders the ocean and is trenched by 
tidal estuaries; it is bounded inland by a line of 
rapids or cascades in the rivers, known as the 
"fall.line," along which the principal cities of 
eastern United States are located. This province 
is the Coastal Plain. The second province lies 
between the fall-line and the easternmost range 
of the Appalachian Mountains (the Blue Ridge 
in Virginia), and is known as the Piedmont 
Plateau. The area. of the N omini sheet lies 
entirely within the Coastal Plain province. 

While it is convenient to fix the eastern boun­
dary of the Coa.tal Plain at the Atlantic shore· 
line, it may be more justly drawn 100 miles off­
shore, at the edge of the continental plateau, 
where the great escarpment, 3,000 to IO,OO/) feet 
high, i. .wept by the Gulf Stream. From the 
fall-line to the verge of this escarpment stretches 
a wonderfully smooth and even plain, inclining 
gently .outhea.tward, broken ouly by the .hal­
low and broad valleys of the rivers and estuaries 
and by the present shore, with its wave-built 
keys and low ... ·cliffs. The highe.t points of 
the province rise about 300 feet above tide; its 
submarine margin is about 300 feet below tide. 
So gentle is the, inclination and so perfect the 
unity of the plain that if the land were elevated 
or depressed 100 or 200 feet the shore·line would 
simply be .hifted about as many miles. Thu. 
the position of the coast may be considered an 
accident of the present slope and altitude of the 
land - indeed, between the mouth of the Hudson 
and Chesapeake Bay the present coast'does not 
coincide with the trend of the province, but cuts 
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obliquely aeross half it. width, .0 that, while 
only about half the province is submerged in the 
latitude of Richmond, it is nearly all beneath 
tide in the latitude of New York. 

Below tide·level the province is an even and 
nearly level sea-bottom; above tide-level it is a 
lowland of broad, :flat terraces, which skirt the 
coast and the estuaries and rise into moderately 
elevated plains toward the low divides. The 
principal waterways are broad yet shallow 
estuaries, ftanked sometimes by tidal marshes, 
sometimes by low sea-cliffs; the lesser' waterways 
are commonly estuarine in their lower reaches, 
but narrow and steep.bluffed in the upper reaches, 
frequently heading in narrow ravines cut sharply 
in the extensive plains of the divides. 

TOPOGRAPHY. 

The Nomini area.-The area included in the 
N omini sheet is one·quarter of a square degree, 
sod i. bounded by the parallels 38' and 38' 
30' and the meridian. 76' 30' and 77'. It 
measures approximately 34.5 miles from north to 
south and 27.8 miles from east to west, and 
embraces about 938 square miles. The area lies 
partly in Virginia and partly in Maryland. In 
Virginia it comprises nearly all of Westmore· 
land County, with parts of Essex, Northumber. 
land, and Richmond, and in Maryland it includes 
portions of St. Mary, Charles, and Calvert 
counties. 

Ibpouraphic Iype8.-In addition to the water 
area (chiefly the Potomac e.tuary), the tract i. 
characterized by two distinct types of topog. 
raphy: (1) the more elevated, or upland, portions 
of the Coastal Plain, and (2) the lowland. Hank­
ing the waterway •. 

The first topographic type i. that of the higher 
plain which originally extended over the entire 
area. It has been widely trenched by the larger 
rivers, deeply incised by the smaller streams, and 
.harply notched by the brooklets, but wide, level 
areas still remain, and throughout the higher 
land. the upland level is clearly defined, even 
along narrow divides. Nearly everywhere it is 
.harply demarked by .teep slope. about its 
margin. The larger upland areas are broad, 
tabular, and frequently ill-drained expanses out 
of which slowly meandering brooklets pass 
abruptly into deep V-.haped ravine.. There are 
many short rivulets, however, which commonly 
drain only the slopes in such manner as to scallop 
the margins of the upland area, leaving the 
interior without activ~ watercourses, sometimes 
for miles, as in the case of the area southwest of 
Charlotte Hall. There is thus little relation 
between the altitude of a given point and the 
proximity of waterways; and over much of the 
area of this type, waters do not gather in a uni. 
form way on accordant slopes, but either run 
rapidly down the narrow ravines of the brook· 
let. or .oak into the earth to find their way 
slowly seaward as ground water. 

The .econd type of topography appears in the 
broad, low terraces :flanking Potomac, Rappahan­
nock, and Patuxent rivers and extending up the 
larger branches of these streams. These terraces 
are akin to the higher interstream plains of the 
plateau region, from which they are usually 
.harply demarked by .teep .lope.. Owing to the 
slight elevation above tide of the greater part of 
these terraces, they are often ill-drained, but they 
vary greatly in this respect. In their lower levels 
they often merge into tidal marshes. 

The topographic histo"1l.-Cla •• ifying the topog­
raphy by origin, it is found to yield a record of 
geologic and geographic history. All the topo-

'" 0' . 
7~ NILES 

that the sea is encroaching on the land in its 
estuaries, even unto the margin. of the Piedmont 
Plateau at the fall-line. Thu. the topographic 
types and forms of the tract yield a record of 
history which supplements and corroborates that 
found in the deposits. 

GEOLOGY. 

THE ROCKS AND THEIR RELATIONS. 

The geologic deposits of the N omini area 
comprise clays, sands, loams, marls, diatomaceous 
earths, and marshy accumulations. They belong to 
three extensive formations lying one over another 
and dipping gently eastward, partly overlain by 
a fourth depo.it, which i. thinly .pread over the 
lower areas along the rivers and estuaries, 
generally in the form of terraces. These forma­
tions overlie one or two other shnilar formations 
which rest on the irregular surface of the crystal. 
line rocks of the Piedmont region. 

Classified by origin, the geologic deposit. of 
the Coastal Plain consist of little·altered sedi. 
ments which may be somewhat arbitrarily sub­
divided into two categories, the first correspond. 
ing more or less closely to those now in process 
of deposition in the estuaries and along the shores 
in the immediate vicinity, the second correspond. 
ing closely to offshore sediments known from 
soundings and samples to be in process of deposi. 
tion over the more deeply submerged portions of 
the province. In general, the deposits of the 
first category overlie, and are thus known to be 
younger than, those of the second category. The 
younger formations record certain modifications 
in geography due to changes in altitude of the 
land, and, moreover, display certain distinctive 
characteristics indicating the climate of the 
periods during which they were laid down. The 
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graphic forms are the result of sculpture by next older formations contain abundant remains 
storms and streams, and the character of the sculp. of marine organiBDls, preserved as fossils, and thus 
ture in different portions of the tract depends on the these deposita are records of periods during which 
degree of completeness of the work now accom· the land stood lower and the sea consequently 
pli.hed. Throughout the Coastal Plain the carv- extended farther inland than at pre.ent. The low­
ing has affected only a portion of the surface of est and oldest formation of the Coastal Plain 
the ancient plain, and the sculpture of the series, which does not come to the surface in the 
river·side terraces is much less advanced than Nomini district, is nearly devoid of marine fossils, 
that of the higher interstream divides. Thus the but its beds contain impressions of leaves, 
two topographic types represent different stages together with lignitized wood and other vegetal 
of progress in the sculpture' of the land by falling fossils, as well as the bones and teeth of dinosaurs. 
and running waters, and the slightly modified In addition, portions of the deposits are coarse 
t8lTaces of the river sides and the largely modified and irregularly b,edded; so that thiB formation, 
interstream plains still retain the original con· like the younger deposits, appears to be a record 
figuration of the tract as it gradually rose from of shores, and thus of an altitude of the land not 
the sea and was thereby transformed from ocean greatly different from that found at present. The 
bed to lowland. This record of topographic formations range in age from early Cretaceous to 
development is consistent with the geologic late Pleistocene and Recent. The successive for· 
record found in the deposits. mations are separated by unconformities, each 

The headwater brooklets of upland and lowland representing a period during which the surface 
mainly gather in steep.sided ravines, which they was uplifted above the sea and sculptured by 
are rapidly deepening and carrying backward storms and streams, so that when the succeeding 
farther and farther into the high tabular divides; deposit was laid down its strata were more or 
and in time of storm they are transformed into less discordant with the partially eroded strata of 
tOlTents and transport seaward great quantities the preceding period. 
of the debris of the land. Yet the same streams From the character of the materials it is known 
in the lower courses, and the principal rivers of that the deposits of the Coastal Plain were orig. 
the tract, are not deepening their channels, but inally derived from the rocks of the neighboring 
"are filling their valleys with the :flood·borne interior (piedmont and Appalachian) provinces; 
debris; for they lie at or near the level of the and through extension of the interpretation it is 
ocean. Moreover, the lower reaches of the known also that the sedimentary deposits of the 
streamways are broad plains built up of just such younger province correspond to the valleys and 
deposits as those brought down in the freshets, ravines of the older ones; so that the Coastal for­
and these deposits overlap the edges and rise mations and the Piedmont and Appalachian land· 
against the scarps of the lower terraces. This forms are related in a reciprocal way. 
topographic record combines with the record of The formations and unconformities which reach 
geology and tells that the lowland, which was the surface in the Nomini tract are shown in the 
lifted from the ..... bottom, i. again .ubsiding and following table: 

Recent. ...... .A.l11Irium.. River mud, talus, manb, etI.l. 
UD<lI.W1'orurlty. 

PIefstoceoe .. Columbia. Loams, aands, and grave"'. 
Grea.t11DCODformity. lL&layette. G:orangesaadslUld 

.. UlIOODformlty. 
Che8ape&ke. FineAudIl,eJays, Wlddlaromll-

O9OU$depoldta. 
UDCODfol"mlty. 

..... Pamunkey. ~IlIaUllOldtic IWIds and. 

ALLUVI1J1L 

Commonly alluvium is deposited by rivers in 
the form of delt~ and Hood.plains, which rise 
above the level of tide; but in the N omini tract 
the alluvium ~s mainly laid down below the level 
of tide, forming a surface deposit only on freshet 
plains and in the valleys of small streams, where 
its presence is-relatively transient. Accordingly, 
this deposit is not represented on the map. The 
practical absence of alluvium within the Coastal 
Plain in the Nomini tract is due to the subsidence 
of this province, now in progress at a rate more 
rapid than that of depo.ition. 

Marsh growth has kept pace with subsidence 
in a number of localities along Rappahannock, 
Potomac, and Patuxent rivers, and along the 
several smaller tributary streams. The marshes 
are for the most PaJ."t tidal, and represent the 
joint operation of sedime.ntation and vegetal 
growth. In the valleys of Zekiah and Gilbert 
swamps and Chaptico Creek there is considerable 
fresh-water marsh, due to the gradual slackening 
of flow with the subsidence of the land. In these 
marshy areas the vegetal accumulations are mixed 
with sand and clay, deposited during the freshets. 
The fresh·water marshes are susceptible of modi· 
fication or reclamation by.artificial drainage or by 
natural changes in the watercourses, and may 
therefore be regarded as tem.porary. Within 
limits the tidal marshes are also .ubject to modi­
fication by natural or artificial changes in drain· 
age. 
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It may be noted that while the marshlands are 
measurably susceptible of artificial control, the 
area in which they occ~ is affected by the slow 
subsidence of the Coastal Plain, so that the 
natural tendency is toward the drowning of 
estuaries and thus toward increase of the marsh 
area. 

THE COLUlfBU FORMATION. 

One of the more extensive geologic formations 
of the N omini tract is a deposit of loam and 
gravel or bowlders along the waterways and 
extending for some distance up the tributary 
valleys toward the lower divides. Along the 
rivers the deposit is fairly uniform, consisting of 
a bed of loam (i e., sand and clay mixed in vari· 
ous proportions) 5 to 20 feet thick, grading 
downward into a bed of bowlders, gravel, or sand, 
or all combined, from 3 to 10 feet thick, the loam 
being commonly unstratified, and the coarser 
m.embers stratified and cross·bedded. This is the 
:fluvial phase of the formation. Toward the lower 
divides the deposit is reduced to an irregular bed 
of water·washed and re8J.T8Jlged mateIials, com· 
posed in part of debris derived from the under­
lying formations in the immediate vicinity, in 
part of debris transported from greater distances 
by streams or currents; this being the interfluvial 
phase of the formation, which is not well devel· 
oped in the N omini tract. The two phases are 
combined under the name Columbia formation, 80 

called from the District of Columbia, in which 
the two deposits are typically exposed. 

Within the N omini tract the materials of the 
Columbia formation 8J'e somewhat variable. On 
the terraces adjoining the larger rivers the upper 
portion consists of a fairly homogeneous bed of 
loam, while the lower portion is stratified and 



contains coarser material~,-mainly quartz and 
quartzite gravel and bowlders, and coarse sand, 
together with layers of silt. In the smaller val· 
leys the lower member is coarse, frequently con· 
taining pebbles, and even bowlders, from the 
TJafayette deposits, while the loams ru.e largely 
rephwed by stratified or cross·bedded sands, 
derived locally from the Chesapeake and 
IJafayette fonnations. The prevailing color of 
the deposit is light.brown or drab, and is deter· 
mined by the presence of ferric oxide. There is 
often variegation of buff and hrown tints. The 
eoloring of the more heterogeneous lower memo 
bel' is somewhat variable, the sands sometimes 
assuming light.brown tints, even bleaching nearly 
,vllite; while tlle silt layers are commonly ash· 
coloreo or ,yhitish, aliil weather out in pinnacles, 
giving a peculiar dentate or serrate character to 
the cliffs. Locally, the gravels toward the base 
of the formation are sometimes stained and united 
by a blaek or hlue·black cement composed of 
ferrous oxirre with cobalt, etc. To the southeast· 
wa:l'd all the heds show a tendency to become finer· 
grained, and the loams and silts give place here 
aud there to slightly sanoy days, usually of dark 
color. In some localities, however, these give 
place to sands and gravelly beds, of which there 
lire notable exposures between Piney Point awl 
tlll:~ mouth of Herring Creek. 

On the whole, the materials of the Columbia 
deposits resemble in considerable measure those 
transported to-day by tlle rivers of the same 
region d liring freshets; and the distribution 
of the materials-the coarser below and the 
finer above and farther downstream-is similttl' 
t,o that of freshet ,vork. The materials differ 
from those laid down during ordinary freshets, 
(1) in greater coarseness and (2) in containing 
a larger proportion of completely disintegrated 
and chemically stable rock matter in the upper 
member. These features are indicative of 
climatic conditions during the period of deposi­
tion of the formation; they point to colder elimate, 
when the ice froze thicker than now and carried 
larger bowlders than those transported in the 
modern ice.floes, und when) moreover, the snow· 
fall was greater thun now, so that the spring 
freshets collected and transported seaward a 
larger quantity of residuary clays and loams of 
the Piedmont province than they now transport. 

The Columbia formation occurs chiefly in broad 
terraces skirting the main waterways and reach· 
ing altitudes ranging from 5 to eO·feet above 
tide. The higher ultitlldes are attained mainly 
in the valleys of the smaller stl'enITls) and at a 
considerable distance back from the rivers. In 
the broad valleys the rise is by gentle slope and 
successive low terraee f!earps. Originally the 
deposit -flooreo the broader valleys from side to 
side, but the rivers have cut channels through it, 
and some of the smaller streams huve cleared the 
greater portion of the material from their valleys. 
Along the rivers the formation usually rises in 
low cliffs, which are kept t;teep by waves and 
tidal action. These cliffs are commonly from 5 
to 20 feet lligh, and give dear exposures of the 
lormation, in SOHle cases with the underlying 
Chesapeake formation at its base, Cliffs of 
Columbia deposits extend continuously along the 
northern side of Potomac HiveI' from Ludlo,,, 
Ferry to beyond l'iney Point; along the southern 
side from \Yilkerson \Vharf to below Thicket 
Point) except in Nomini Cliffs; at frequent 
intervals along Patuxent River; and along both 
sides of Rappahannock River excepting for an 
interval of 5 miles helow Bl'ockellboro Creek. 
The preeipitous cliffs of this dep0i3it constitute 
one of several indications of the suhsidence of 
the land; for it. is known through obseI'\'utions in 
IIIany districts that the encroaehing waters of 
subsiding shores bear away into the depths 
materials that ordinal'ilj' accumulate as tltlus. 
The terraee surfaces are broud, nearly level 
expanses, whi011, if sufficiently elevated to be 
well drained, form fertile fieMs, Although some· 
what variable in altitude, these terraees meander 
the main valleys and. extend into tributaries in 
such manner IlR to outline the geography when 
the land was so depressed as to submerge It con· 
siderable part of the Coastal Plain, and the dis· 
tribution of the formation is at once a record and 
a measure of the subsidence, 

Although thc Columbia formation occupies 
less than one·sixth of the Nomini area, it is one 
of the most extensi\Tein the province; it covers a 

great part of the surface ot the coastward low· 
land in the middle Atlantic slope, and doubtless 
floors the ocean·bottom far out to sea. Farther 
wet;tward the formation exhibits two wen·marked 
members on different terrace levels deposited in 
sllccessive epochs) to which distinetive designa­
tions have been given; but the uplift which 
developed these terraces did not extend far east· 
ward, and the two members are not clearly !-lepa· 
rahle in the Nomini area. 

THE J,AltAY]<J'H'I<1 l<'ORiliATION, 

The most extensive formation shown on the 
Nomini map is a tbin hut quite uniform deposit 
of .vell·rounded brravel imbedded in a matrix of 
red or orange.tinted loam. This is called the 
Lafayette formation, rrom the county of tbat 
name in Mississippi in which it is typically dis· 
played. The tabular divides, or original upland 
areas, between the principal waterways are formed 
or this deposit. The surface of the formation, 
like the general upland surface of the Nomini 
area, of which it forms a large part, inclines 
gently southeastward from an altitude of about 
19D feet along the nortllern and westel'll border of 
the area to about 90 feet in the neighborhood of 
Valley Lee and Kinsale. Its greatest altitude is 
2DO feet, in a pOl'tion of Nornini Cliffs. It has 
also in most cases a slight slope into each of the 
river valleys. 

The materials of the fOImation are quite uni. 
form in character, eonsisting of sandy loams of 
orange) brown, and huff tints, often variegated, 
containing irregularly disposed hands, sprink­
lings, and beds of sman qnartzite pebbles and 
coarse sand. The pebbles and larger sand grains 
nre orange·tinted, though the stain is largely 
superfieial. POI,tions of the loam are clayey) and 
these portions are sometimes light.colored, the 
most frequent tints being buff, pink, or cream. 
The coloration of the deposit is due to ferric 
oxides; and sometimes the sands and gravels are 
incrusted 01' cemented in layers and masses by 
these oxides. Local variations in the composition 
of the format.ion occur irregularly, bnt in general 
tbe materials increase in coat'Senes~ Ilorthwest· 
ward, particularly in the lower beds, In the 
eastern vart of the area the basal layers consist 
largely of fine sands) evidently derived mainly 
from the Chesaveake formation, intercalated with 
layers of coarser sands; the upper portion of the 
formation being often a gra.y or buff loam, with 
layers of fine gravel. Sometimes these layers are 
weathered or washed out, and their presence is 
often characteristic on the tahuInr surface of the 
broad, low divides in St. Mary, Calvert, West· 
moreland, and Richmond counties. In Charles 
County, Maryland, the formation consists mainly 
of sandy orange loams, with scattered pebbles 
und pebble beds. The pebbles are, in general) 
thoroughly waterworn and wen rounded. They 
were evidently derived originally, in large part, 
from the quartzite beds in the Blue Ridge, 
Catoetin, and other Appalachian ranges, but there 
are indications that many of them Ilud an inter­
mediate history 11.<; constituents of the rotomac 
formation. 

The formation rangeR from 25 to 40 feet in 
thickness, though locally it may be slightly in 
excess of the latter figure, Toward the water· 
ways it terminates in abrupt scarps. In addition 
to the eastward slope, the surface of the ueposit 
inclines considembly toward the Potomac, Rap· 
pabannock, Patuxent, and Chesapeake valleys. 
It lies on the Chesapeake formation tll1'(mghout. 

From the composition and distribution of the 
materials it is evident that the formation 
originally deposit.ed as a continuous mantle 
this portion of the Coastal Plain and extended 
Rome distance upon the seaward llOrder of the 
Piedmont Plateau, and also that the materials 
were carried down by the rivers and lesser 
streams and assorted and distributed over the 
Coastal Vlain area by the action of waves and 
currents, The materials differ from those 
deposited by the modern streams chiefly in the 
more abundant elements of quartzite and thor· 
oughly leached loamy matter corresponding with 
the reRiduary clays of the Piedmont. From its 
cbaracteristics of composition and strllCtUl'e it is 
known to be a littora1 formation, deposited when 
the land, after standing a long time at or neal' 
baselevel, ,vas partly rmbmerged and at the same 
time tilted seaward, so that the streams were 
stimulated and enabled to transport sea\vard the 

chemically stable quartz and residllary products 
in exceptional quantity, 

The originally continuous mantle apparently 
undulated slightly, inclining toward the larger 
valleys, the outlines of which are thus known to 
antedate the formation. Along these valleys the 
mantle has since been eroded through and carried 
away, so tbat the existing areas are but remnants 
of a once continuous sheet whose extent and con· 
tinuity vary invet'l-lely with the proximity and 
size of the streams, The post.Lafayette erosion 
did not cease with the dissection of the Lafayette 
mantle, but extended into the underlying fOTIlla· 
tions, so that the pre-Lafayette valleys were 
greatly deepened after the fOl'JIlution was laid 
down, Moreover, the configuration or the pre­
Columbia surface inoicates not only that the 
land stood higher than now above the sea 
during the post·Lafayette period) but that this 
period of high level was too short to permit the 
complete reduction of the surface to baselevel. 
Thus the presence of the J,afayette formation is 
a record of submergence, involving the entire 
Nomini area and extending also some distance 
westward, while the partial erosion of the deposit 
is a record of a relatively brief high·level period, 
during which tIle land stood higher than now. 
Thus the unconformity between the Lafayette 
and Columbia formations, which is one of the 
most notable witliln the area, is found to be 
especially significant in its hearing on the geologic 
bistory of the region. 

South of the Nomini area the Lafayette for. 
mation increases in extent, until in coastal North 
Carolina it is a nearly continuous mantle; ILnd 
still farther southward and southwestward it 
expands in width and increases in thickness, 
notably in the Mississippi emhayment. North of 
Potomac HiveI' the formation is known ouly in 
remnants, which grow successively smaller and 
smaller through Maryland and Delaware and into 
the peninsula of New Jersey, where only scat­
tered outliers are found within the Delaware 
drainage basin, thongh the deposit is much more 
continuous over the Atlantic drainage area. The 
Lafayette formation is perhaps the most exten· 
sive in area and the most uniform in character of 
all the formations in the United States. 

'l'IIE OHESAPEAKE FORUATIO~. 

In the N omini tract the Lafayette formation 
rests nneonfol1nably on a bed of marine deposits 
which has been named after Chesapeake Bay, on 
the shores of which it is typically disl)layed. 
These deposits occupy all of the N omini tract 
except a very narrow belt extending nlong the 
base of the cliffs on the Potomac in the vicinity 
or Pope Creek, on the Maryland side. Their base 
rises from beneath tide-level along a line which 
extends from just above Ludlow Jferl'Y on the 
Potomac to Spring Hill in the Tlol'thwestern 
comer or the Nomini tract. Southeast of this 
line their base gradually divs to a depth of 270 
feet at Piney Point and 235 feet at Kinsale. 
The rormation is covered by the 11ufayette 
deposits on the upland or "ridge 1) areafl, but it is 
extensively exposed in the depressions which are 
cut through the IJafayette capping. On the lower 
terraces it is more or less deeply overlain by 
Columbia deposits, which extend to tide-leyel in 
the river banks, except at intervals along the 
Patuxent and some of the larger branches of the 
Potomac) where there are small outcrops of 
Chesapeake beds beneath the Columbia, The 
most notable exposures are in the river cliffs, 
where the Columbia terrace lla$ lleen removed 
Ilnd there is encroachment on the higher or upland 
region. Of these the Nomini Cliffs are tIle most 
extensive example: they present a superb expo· 
sure over 6 miles in length and rising at one 
point to a height of 2DD feet. There are lower 
cliffs of less extent along the Rappahannock in 
the vicinity of Carter \Vhal't; along the Potomac 
neal' Pope Creek, Maryland; on Breton Ray 
opposite Loyers Point; and at intervals along the 
southern side of Patuxent River. 

The materials of the Chesapeake formation are 
mainly fine sands intermixed or intercalated with 
clays; accumulations of minute shells of diatoms 
or Infusoria, forming infusorial earths; and glau. 
conite or greensand, locally known as marl. The 
sands commonly contain much day, and when 
wet and fl'et;hly exposed are hard and tough, and 
dark-gray or dark-olive in color; on weathering, 
the beds usually assume a light-gray color, though 

in some localities they are stained buff, probably 
in part at least by ferruginow3 solutions from 
the overlying Lafayette beds. The weathered 
material is friable, with a peculiarly meal·like 
appearance and texture. There are also beds of 
coarser sands, which are usually filled ,vith fossil 
shells, and extensive beds of gmy clays. 

In the eastern portion of the Nomini tract t}le 
clays and mealy sands of the Chesaperum grade 
downward into diatomaeeou8 beds, often consist· 
ing mainly of diatom remains, with only a small 
admixture of clay and fine sand. The more richly 
diatomaceous beds form a characteristic horizon 
which outcrops in a belt 5 or' 6 miles ,vige 
extending along the western side of the Nomini 
tract. The finest exposures of this menlber are in 
the cliffs on the northern side of the Potomac in 
the vieinity of Pope Creek. Difttomaeeous Leds 
also occur in the N omini Cliffl'!, and in the 
vicinity of Carter "'hari on the Rappllhannock. 
In many exposures the diatom remains are inter· 
mixed in varyitlg proportions ,yith fine sands alld 
clays, though they sometimes predominate und 
constitute nearly pure layers of considerable thick· 
ness. The purest beds observed were at Pope 
Creek, Maryland. The diatomaceous deposit is 
light·colored, often snow· white or slightly tinted 
with buff 01' gray. ,"Vhen pure) 01' nearly so, 
it is of very low specific gravity, so that when 
dry it readily flout.s on water, though when satu· 
rated with water it is heavy, tough, and gray or 
pale.olive in color. 

The higller porti.ons of the Chesapeake deposits 
are more argillaceous, and include many beds of 
gray and bluish clays. These contain layers of 
fossiliferous sands and sandy clays (or shell 
marl), of varying dimensions and degrees of 
purity, which are eonspicuous all over the region. 
In some cases they are sparingly glauconitic. 
''''''hen freshly exposed these marls are ligllt·gray, 
and often contain a large proportion of fossil 
ilhells; but after long exposlll'e Ilf~ar the surface 
they weIdLer to buff argillaceous RandA, with 
casts and impressions of fossils) the shells being 
leached away. The most extensive exposures of 
clays are in the Nomini Cliffs, but outcrops al'e 
frequent in gullies throughout the higher lands. 
Sands occur in the clay and marl series, but they 
are usually fine·grained and of no great extent. 
At Drum Cliff, on the Patuxent, there is an 
extensive bed of coarse, gray sand~ fil1ed with 
great numbers of fossils, and the locality has 
become quite a famous one for collectors. At 
the base of the sand is a hard, silicified layer 
from 6 inches to 2 feet thick, which extends along 
hoth sides of the river for some distance. It is 
immediately underlain by a bed of gray clay. 

The greatest thickness of the Chesapeake for­
mation in the N omini tract is in Northumberland 
County, where it reacheH 27D feet. It thins west· 
ward, mainly by the pre.J~afayette erosion of itH 
upper members, and in the vicinity of rope 
Creek) Maryland, it is not over 40 reet thick 
The baAal beds usually contain small black quartz 
pebbles at the contact with the Pamnnkey forma· 
tion, and for a few inches above. Throughout 
the NOInini tract the Chesapeake rests on the 
relatively smooth surface of the Pamullkey for· 
mation. ExpoRures of the eontaet may be seen 
along the cliffs in the vicinity of Pope Creek, 
but elsewhere it is below tide-water Je\Tel. Its 
southeastward dip carries it down to tide-water 
level at a point a short distance above Ludlow 
Ferry, and well.borings indieate that it reaches a 
depth of 270 feet at Piney Point. 

Fossils occur in greater or less ahundtHlce 
throughout the formation. In the marly bedl'! 
they are mainly shells, and elsewhere ch-ie-fly eaHts 
and impressions of Ahells which have leached 
away. Fossil bones frequently occur in all the 
beds of the fOI'mation, and more or less complete 
skeletons of large Cetacea have been found. The 
diatomaceons or infusorial de}10sits are Leds 
made up of the fossil shells of a great variety of 
minute organisms, which are heautifully distinct 
under a moderately powerful micl'oseope. The 
age of the formation, as indicated by tlte fossils, 
is early Neocene (Mioeene), though in this region 
representatives of the earliest Neocene and of the 
later (pre·Lafayette) Neocene are lacking. 

The Chesapeake formation is a typical offshore 
marine deposit: the fost->ils are remains of organ· 
isms such as inhabit relatively shallow sea waters 
some miles or scores of miles offshore; the sands 
and clays are such as are supplied by rivers of 



moderate declivity, though assorted and depoBited 
118 by waves and littoral currents; the diatoms 
are such as live in relatively shallow and quiet 
waters in temperate and subtropical zones; the 
glauconitic deposits are such as are produced by 
the action of certain minute organisms sUbsisting 
in sea water on feldspathic and other constitu­
ents of crystalline rocks. Thus the deposit is a 
record of the geographic conditions attending its 
deposition; while the slightly discordant uncon­
formities by which it is bounded indicate that 
the oscillations of the land by which the period 
of its deposition was preceded, introduced, and 
terminated, were of smaU amplitude. 

In the Nomini tract the Chesapeake formation 
is a unit, and the sole representative of the earlier 
Neocenej but in both the northern and southern 
portions of the Coastal Plain province other 
deposits l-epresenting the period come in above 
and below this well-defined member of the 
geologic series. 

THE PAMUNKEY FORMATION. 

All of the Nomini tract is underlain by a fairly 
homogeneous sheet of dark-colored, glauconitic 
,sands and sandy clays, but this sheet reaches the 
surface only in the Darrow outcrop extending 
along the northern shore of Potomac River in the 
vicinity of Pope Creek. The name of the forma. 
tion is derived from Pamunkey River, Virginia. 
The formation is exposed beneath the Chesapeake 
beds in the scarps of the plateau, in the cliff 
which extends from north of Pope Creek nearly 
to Ludlow Ferry. 

The materials of the formation are mainly 
glauconitic sands and marls, which in their fresh 
and moist condition are dark.green or black. 
They often contain large numbers of sheHs, with 
more or less calcareous material. On weathering 
they become lighter in color, the she118 and other 
calcareous elements are removed by solution, and 
the resulting material is fl buff sand containing 
more or less redeposited iron in brown streaks or 
blotches or in limonitic crusts. In the partia11y 
weathered materia1, such as commonly appears 
in old exposures, there are streaks of brown and 
buff, carrying greenish grains. Weathered phases 
of the formation are rare in this area, as the 
encroachment of the river is continually exposing 
fresh material. 

At the base of the Pamunkey formation there 
is usually a bed of coarse materials, often gravelly 
green and gray sands, 1 to 2 feet in thickness, 
lying on the surface of the Potomac formation, 
and consisting largely of Potomac d6bris. It is 
far beneath the surface in the N omini tract, but 
is important because it yields water in some of 
the well, at Colonial Beach and in the well at 
Chapel Point, and probably will be found to 
extend far eastward. Higber sandy beds yield 
water in wells at Bushwood, Oakley, Rock Point, 
and Colonial Beach. 

The thickness of the Pamunkey formation is 
not definite1y known. An exposure of 100 feet 
of medial beds has been measured on Potomac 
River below the mouths of Aquia and Potomac 
creeks, and the summits of these beds are about 
50 feet below the base of the Cheoapeake form .. 
tionA The well at Chapel Point appears to have 
reached basal bed, at a depth of 276 feet below 
tide-water, and was begun about 30 feet below 
the base of the Chesapeake, which would indicate 
a thickness of about 300 feet. 

The abundant fossils of the formation are of 
Eocene age, but the formation appears not to 
"include all the representatives of the Eocene 
found elsewhere in the province. In the Nomini 
tract the Pamunkey is the sole representative of 
a series which farther northward, as weH as south 
of the Roanoke, comprises several distinct forma­
tions. 

The Pamunkey formation, like the Chesapeake, 
is a typical marine deposit, and gives a record of 
the geographic conditions under which it was 
laid down, while the unconformity at its base 
indicates with considerable clearness the immedi­
ately antecedent geography. 

THE POTOMACl FORMATION. 

The lowest and oldest formation of the Coastal 
Plain series is a heavy deposit of gravel and cob· 
bles, sand, silt, and clay, caned the Potomac for· 
mation, from the river on and near which it was 
first carefully studied. The deposit underlies the 
Pamunkey, Chesapeake, and Lafayette formations 
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throughout the portion of the Coastal Plain 
shown on the Nomini sheet, but it lies far 
beneath tide-level, and sinks rapidly eastward. 
It rest' on the deeply eroded surface of the 
Piedmont crystallines, and is unconformablyover. 
lain by the Paillunkey and newer formations. 

The materials of the Potomac formation are 
sands and clays, but these are variable in degree 
of comminution, structure, texture, and color. In 
general the iower beds of sand are coarse, irregu. 
larly stratified and cross-bedded, slightly coherent, 
and light.gray in color. Commonly they consist 
of angular or subangular grains of quartz; and 
frequently, if not usually, these are associated 
with flakes or irregular particles of kaolin or fine 
white clay. The clays are red, gray, or buff in 
greater part, and alternate with sands. The for­
mation lies on an east·sloping floor of the crystal­
line rocks-granite, gneiss, etc.-and has a thick­
ness of about 350 feet, or possibly somewhat 
more. 

GEOLOGIC HISTORY OF THE COASTAL PLAIN. 

The history of the Nomini tract is intimately 
connected with that of contiguous areas, and in 
part is interpreted thereby. The history includes 
the eras and episodes in the building of the 
Coastal Plain out of materials gathered largely 
from the Piedmont province. The record is clear, 
and although some of the minor episodes are 
obscure, the principal events have been inter· 
preted. The principal movements are sum· 
marized in the accompanying table: 

PtJst..Pam\lDkey upUft. Modl!l'lIta degmdlltlon. with gen. 
era.lbaaeleveling. 

Sub8idezJce. with slight DeposItion of dark BllDds &lid L 
lleawlll'dtllting. =~8;g~~::-nnk~ f Eocene. 

Pal(;.Potomac uplift. E:dierullve degra.oktloo of older 1 
5:~~~~=fCretacooua. 

The first episode in the history thus epitomized 
was one of degradation, represented by the 
unconformity below the Pamunkey formation. 
During this period the land stood so high that 
the sea retreated beyond the N omini tract, 
yet not so high as to permit the rivers greatly 
to deepen their channels. It was a period of base· 
level planing, of sluggish degradation by the little 
rivulets toward the divides as well as by the 
great rivers in the valleys; and there were minor 
osci1lations of such extent that in adjacent regions 
other deposits (notably the Severn formation of 
northern Maryland) were laid down. How far 
westward the Potomac sediments originally 
extended, and how great a volume of material 
was degraded during this epoch, are not· known; 
but the configuration of the unconformity between 
the Potomac and Pamunkey deposits indicates 
that the Piedmont and Coastal zones were planed 
to a fairly uniform surface, with few deep valleys 
or ravines, and that the antecedent Piedmont 
waterways extended their courses over the nascent 
Coastal Plain to reach the ocean. 

The next event was a subsidence of the land 
and adjacent sea-bottom, more uniform than 
the last, of such extent that the ocean again 
overflowed the Nomini tract; but the new-made 
sea-floor was fairly smooth and the seaward 
tilting was slight, so that the rivers were little 
stimulated and the storm waves weak, and 
thus the materials laid down in the encroaching 
waters were fine of grain and in part were reduced 
to stable chemic condition. For the a&me reasons 
marine life prevailed, as shown by the shells of 
mollusks and the teeth and bones of sharks 
imbedded in the deposits; rhizopods and other 
minute organisms abounded, as their remains 
attest, and some of them subsisted on the feld· 

spathic debris brought in by- the rivers, and, 
through the 118similation of this material with 
their own substance, produced grains, and even 
great beds, of glauconite. In this way the Pamun­
key formation was built up of more or less 
oxidized sediments charged with organic remains. 

Then came another epoch of degradation, duro 
ing which the Pamunkey·Potomac surface was 
lightly sculptured by rain and rivers into a base­
level plain even smoother than that below the 
Pamunkey. Minor osciUations during this period 
are recorded in other portions of the Coastal 
province, and these may have affected the Nomini 
tract; but the record here is blank, save as to the 
principal movement of the continent. 

Once more a well-marked era was introduced 
by a subsidence of the land and contiguous sea­
bottom, with little if any seaward tilting; the 
ocean pushed over the plain far beyond the fan­
line; and in the shoal waters by which the grow­
ing Coastal Plain was flooded, marine mollusks 
and predatory fishes abounded, more or less glau­
conite or greensand was deposited, and during 
a part of the period diatoms existed in such 
numbers tha.t their shells formed a continuous 
bed intercalated with the clays and fine sands. 
In this way the Chesapeake formation was made. 

From the Potomac period to the period of the 
Chesapeake, in the N omini tract as e]sew here in 
the Coastal Plain, the history was one of oscilla· 
tion of the land, in which every downward move· 
ment was accompanied by slight seaward tilting; 
and from the PotollUW to the Chesapeake the 
amplitude of the osciUations progressively dimin­
ished. With the diminution in movement of 
the earth-crust from era to era, the work of rains 
and rivers and waves decreased progressively, and 
the chemical agencies of decomposition and vital 
reconstruction increased relatively if not abso­
lutely. This series of diminishing mechanical 
and increasing chemical activity continued after 
the deposition of the Chesapeake; for, while the 
land again lifted until the ocean retreated well 
toward the brink of the Coastal Plain, the lifting 
was so uniform that the rivers remained sluggish. 
Thus, while the next era was one of degradation, 
the stream work was feeble, and decomposition of 
the rocks outran transportation, until the Pied­
mont province and parts of the adjacent zone 
were heavily mantled by residua, and no rocks 
save the chemically and mechanically obdurate 
quartzite of the eastern Appalachians and quartz 
of the Piedmont veins remained wit1in reach of 
the streams. During this time the Piedmont 
province was alow.lying plain; moat of the rivers 
flowed along the present lines, but they meandered 
idly through sballow valleys instead of rushing 
through sharp-cut gorges as at present, and geo­
logic process was chemical rather than mechan­
ical. In this way the gently undulating plain now 
constituting the Piedmont Plateau, and .tbe nearly 
level plain of the sub-Lafayette unconformity in 
the Coastal province, were fashioned. 

At the end of this era of stable land and pre· 
ponderant chemical action, the diminishing series 
of oscillations beginning with Cretaceous time 
came to an end and a new series of earth,cl"1.1Bt 
movements began. 

The next episode was introduced by a strong 
warping of the earth.crust, whereby the interior 
was lifted and the shoreward periphery depressed; 
and the subsidence so far predominated that the 
ocean encroached on the erstwhile land somewhat 
beyond the fall·line. Through the tilting of the 
land the sluggish rivers became more active and 
scoured their channels, transporting the chem­
ically obdurate quartzite and quartz into the sea, 
while the rapidly retroceding rivulets kept the 
waters charged with the friable residuary clays 
and loama. In this way the waves were fed by 
chemically stable material in which the coarse 
and the:fine were intermingled in unusual fashion. 
Through this combination of causes and ante· 
cedent conditions the widespread and singularly 
uniform Lafayette formation was built. 

The next record is one of degradation; and 
as the continent·movement initiating Lafayette 
deposition was :d:tore energetic than for ages, so in 
aOOut the same ratio was the post.Lsfayette uplift 
energetic and ample. The land was lifted so high 
that the ocean retreated to or beyond the brink 
of the Coastal Plain, and the rivers excavated 
great est~ies through this province and carved 
the steep-sided Piedmont and Appalachian gorges. 
Thi. attitude of the land persisted not only until 

the Coastal Plain waterways cut through the 
Lafayette formation, but until many of them 
sawed their way deep into the underlying for­
mations, and until at least half of the aggregate 
volume of the Lafayette deposits was carried 
away, leaving the formation as 1\ series of rem­
nants only. It was chiefly during this perioq of 
high. level that the" ridges" and valleys of the 
N omini area were shaped and the outcrops of the 
different formations determined. 

It is probable that after this episode of active 
erosion the land gradually assumed about its 
present level. Then another stage was intro­
duced by a subsidence of the land in mid·latitudes 
and the beginning of a series of ice-invasions in 
northern United States. While the land stood 
low in the latitude of Potomac River, the climate 
was som~what changed, the ice froze thick and 
probably the snow fell deep, and during the 
vernal freshets bowlders of exceptional size and 
clays and loams in exceptional quantity were car­
ried into the estuaries by the ice-floes and waters; 
but in the Nomini area the subsidence was such 
as to flood only the lower lands. By the,e 
freshets and the tidal currents of the estuaries 
the Columbia deposits were accumulated and the 
broad terraces flanking the Rappahannock, Poto­
mac, and Patuxent rivers were built. 

In the last stage of the history clearly recorded 
in the deposits and earth·forms of the Nomini 
tract, the land and sea-bottom were again lifted 
so far 8S to permit the principal waterways to 
cut into and through the Columbia deposits, and 
this lifting was followed by slight subsidence, 
which merged into the present sinking of the 
Coastal Plain. 

ECONOMIC PRODUCTS. 

The principal mineral products of the Nomini 
region consist of marl, fullers' e&l'th, brick clay, 
pottery clay, building stones, sand, quartz gravel, 
and underground waters. 

Marl.-The most important mineral resource 
in the area of the Nomini sheet is marl, large 
deposits of which exist in the Pamunkey and 
Chesapeake formations. The Pamunkey forma· 
tion consists in greater part of marl, and the shell 
marls which are contained in the Chesapeake for· 
mation are of considerable extent and thickness. 
These marls contain lime and potash in small per. 
centages, and usually also some phosphoric acid. 
They are of great value for enriching land, and 
especially for restoring the fertility of worn-out 
soila. They have not been extensively used in 
the region, but a number of farmers have tested 
their efficacy with most satisfactory results. In 
some other portions of the Coastal Plain province 
they are in general use and their great value is 
fully recognized. This is particularly the case in 
New Jersey, where the marls are dug in large 
amounts for local use and are to some extent 
shipped to points outside of the marl belt. The 
marla are not so powerful and prompt 88 the 
chemical fertilizers, but their effect is gradual 
and more lasting and they do not ultimately 
exhaust the soil. The fertilizing influence con­
tinues for several years, and the land will bear 
many successive treatments. As the marla under­
lie many portions of the region and are easy to 
excavate, the expense attending their use is very 
small compared with the benefit to be derived 
from them. All sandy soils and nearly all crops 
have been found to be benefited by marls. Grasses, 
grain, and corn are particularly subject to its 
influence and in many cases have been found to 
yield from 30 to 40 per cent more after over­
spreading the soil lightly with marl. 

The marl is usually 8 sand containing grains of 
the dark-green mineral glauconite (which consists 
in part of potash), with more or less carbonate of 
lime in a fine powder and as shells. There is 
commonly a considerable admixture of clay. The 
Chesapeake marls consist largely of clay, shells, 
and :fine sand. The Pamunkey marls vary con­
siderably in strength, but richly glauconitic shell 
marla abound in the formation, particularly in 
the depresBion of Port Tobacco River. 

More or less highly glauconitic shell marls are 
exposed in the bluffs at the mouth of Pope Creek, 
Maryland, but they are not so rich as those lower 
in the formation. 

Shell marl in the Chesapeake formation is of 
frequent occurrence in Westmoreland, Richmond, 
St. Mary, and Calvert counties. It is dug in 
moderate amount from the Nomini Cliffs near the 



mill just north of Stratford, and mixed with other! the Nomini tmct afe probably of the proper I underlie all of the area of the Nomini sheet, at wells at Leonardtown, Piney Point, Rock Point, 
fertilizers, both for shipment and for local use. character for the manufacture of pottery, tiling, several horizons, at depths which vary from 100 Coles Point, Sandy Point, Kinsale, and near Sot­
Nearly all the shell deposits which abound in the and terra.cotta, but so far as known they have to 700 feet. ~ome of these watel's have been terly. Their direction and rate of dip, and depth 
formation are useful for fertilizing land, and they not been tested. reached by wells at Colonial Beach, Rock Point, below mean tide-level for each 50 feet, are shown 
usually contain, in addition to the shells, more or Building stone.-The only rocks in the tract Bushwood, Oakley, I~eonardtown, Kinsale, Coles by the third set of underground contour lines on 
less calcareous material and glaueonite. They are occasionally sandy ironstone streaks in the Point, Ragged Point, Randy Point, Piney Point, the artesian·well sheet. 
may be looked for in nearly every gully in the Lafayette formation and it local siliceous bed in and near Sotterly, at depths of from 160 to 30:3 The head or pressure of the water of these 
Chesapeake area in the counties mentioned. In the Chesapeake formation. Both are used for feet. The prineipal horizons are in the Chesapeake various horizons is sufficient. to afford flowing 
selecting marl it should be remembered that the foundations and rough work. The ironstone and Pamunkey formations, and consist of coarse wells only in the 10weRt lands of the Nomini 
beds containing the largest proportions of sheHs occurs on or near the surface at many'places on ,sands and gravel in tllin but widely extended area. Along Potomae RiYer the water nses 10 
and grains of the dark, bottle.green mineral, glau- the Lafayette "ridges," hut seldom affords large sheets which dip gently eastward. Lmver hon- to 16 feet above mean tide-level in greater part, 
conite, are richest in plant food. blocks. The siliceous layer in the Chesapeake ;;:;()llS probably also underlie the entire region, but but at Hock Point it is reported to rise about 24 

Fullers' earth.-Eastward in the Chesapeake formation is found along both sides of the their easterly dip has carried them far beneath feet above tide. On Patuxent Rjver, so far as 
formation the-beds of infusorial or diatomaceous Patuxent beloVi; Jones 'Vharf and Broome Island. the surface and no wells haye been Bunk to them. yet developed, the height to which the waters 
remnins are often sufficiently pure for commercial Sa'll.ri.-The lo\ver or middle beds of the Oolum- In the artesian-well sheet of this folio there will rise is considerably less than in anyJof the 
use as "fullers' earth_" The largest deposits bia formation are made up largely of sand, which are shoyi'll the location and depth of the wells wells on the Potomac. The area tllllt is suf­
are near the base of the formation, and they are is frequently of such character as to excel as and the depths to the three principal water hori- ficientlv low to be within reach of artesian flows 
best exposed in the bluffs along the Potomac at building sand. Building sands are also found zons. The depths to these horizons nre indicated is sho,;n approximately on the artesian:well ~heet 
the mouth of Pope Creek, Maryland, where at locally in the lower part _ of the Lafayette forma- by underground contour lines which show the by a distinctive tint. The underground waters 
one time they were worked for sllipment. The tion. 'rhe Lafayette sands often require screen- dil'eetion and rate of slope of the water-bearing extend under the higher land, ,vhere, in many 
deposits underlie the ,,,estern -part of 'Vestmore- ing, but after passing through this process they beds. From these lines approximate depth of the cases, they ,vill no doubt be found ayailahle 
land, Richmond, and St. Mary counties and the 'I are usually excellent, consisting of sharp grains waters below sea·level may be quite closely through pump wells. 
southeastern part of Charles County, and -they of firm qnartz; such sand is highly valued among ascertained for any given point. It should be At 'the base of the Columbia and Lafayette 
are exposed at many points along streams and in the builders in neighboring cities. Molding sand borne in mind in calculating depths that the deposits there are -widely extended beds of gravel 
road-cuts_ The purity of the material is dimin. of good quality is- found in the Chesapeake in amount of surface relief, as indicated by the and coarse sands, which furnish water to hun­
ished in some portions of the district by admix- the adjacent portions of the Coastal Plain, and brO'\vn topographic contour lines, should he added dreds of shallow wells. The supply at the haRe 
ture with clay or sand, but oYer much of the will doubtless be n useful resource in the Nomini to the estimate of the depth helow sea·level. of the Columbia formation, which occurs at low 
area there ar~ large supplies of relatively pure traet. Along the western margin of the tract the waters levels, is particularly abundant; ,vhile wells find­
deposits. Gravel.-The gravel beds found in the Lafay- at the base of the Pamunkev formation ,,,-ill be ing their supply at the base of the Lafayette are 

Brick olays_-The loams of the Columbia for- ette and Columbia formations are a rich source of found most serviceable. Th;y yield the flows in notably persistent. The ground 'vaters of both 
mation, and to a less extent those of the Lafay- most excellent material for road making and rail- the deeper wells at Colonial Beach and in the of these horizons are of great importance to the 
ette formation, are used locally for brickmaking. way ballasting, and their use can not he too well at Chapel Point, Mal-yland. They slope people of the Nomini tract;_ yet precaution is 
The deposits are nearly coextensive with the for- strongly advocated. The well-rounded quart;;:; nearly due eastward at the rate indicated by the necessary in utilizing them, since both are partie­
Illations, and they are generally well adapted for pebbles are easily handled and transported, and pair of underground contour lines shown on the 11larly liable to surface contamination. The 
brickmaking. The Columbia loam is especial1y are practicnlly indestructible. artesian-well sheet. The llext higher water-bear- Lafayette deposits are chemically stable and 
valuable for this plll'pose, as shown hyexperience Undergrouma wateI'B_-In that portion of the jng horizon Ii' in sands which along Potomae moderately pervious, and water passing through 
in neighboring tracts. ",Vashington and BaIti- Coastal Plain area which is shown on the Komini l{iver lie at an average of about. 80 feet above the them is filtered mecllanically, hut is not neces­
more are largely built of bricks made from this sheet the water supplies are mainly derived from basal beds, the a.monnt increasing gradually Sal1'!y freed from organic impurities; and in some­
deposit; and in Philadelphia and Trenton the shallow wells, springs, and surface streams. northeastward. These sands yield watel' at what less degree the same is true of the Columbia 
same material (locally known as Philadelphia Where there is no contnmination from drains, Colonial Beach at a depth of 160 feet, at Rock deposits_ ,VeIls taking water from these deposits 
brick clay) is extensi,Tely developed, and is bal'nyards, and other similar sources of impurity Point at 254 feet, at BllShv.'Ood at 28'7 feet, and are safe only when remote from houses, barns, 
largely used in these and neighboring cities. the waters a.re often of satisfactory quality, but at Oakley at 305 feet. They have not been stock-yards, privies, and other possible sources of 
The loam forming the terraces of the Rappa- it is probable that much of the malaria so preva- reached by wells farthel eastward. Their rate I contamination. 
hannock, Potomac, and Patuxent riYers is in most lent in the lower lands is attributable to 'waters and dilection of slope, and their depth for each N_ H. DARTON, 
cases adapted to the manufacture of ordinary I on or near the slll'face_ In many places in east- 50 feet, are indicated by the second Ret of under- Geologist. 
and pressed bricks, and is practically unlimited ern Virginia and Maryland wells have been sunk ground contours-heav), full lines-on the I 
in quantity. to deeper.,eated waters, and it is found in mo,t artesian·well sheet. The basal "and, of the W J McGEE, 

Pottery.-Some of the clays in tIle Chesapeake cases that a marked diminution in malarial dis- Chesapeake formation lie about 200 feet above Geologist in oharge. 
formation in the central and eastern portion of eases has resulted. These deep-seated waters the Palllunkey horizon. They are tapped hy the, April, 1896. 
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