HARPERS | ERRY

Tho Totomac River from the Northwust, after roeciving the tributary, the
Shonandoah, from the southwost, luaves the Gruat Valley at Harpers Ferry and
cuts directly across the Blue Ridue Barrier. This barrier consists of two main
ridges -- The Biue Ridge (Wlk Ridge) and Svuth icuntain (3hort Hill). East of
these ranges is a long narrow cylindric=l ridsge of closely folded, resistant,
Cambrian sandstone, each fold being overturusd toward tie Northwest and resiing
on Pre-Cumbrian crystalline rocks. Thess rocks, mainly granite and schiist are
here less resistant Lo srosion than the sundsbone, and have been worn down to
what is believed to be the Jarrisbur,: level. However, the sandstone still rises
well toward the Schooley level.
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night be cxplalr: as the rusult of a loczl narrouing of the sandstons bolt
across which tho stroam is cutronchod. No wvidonce of narrowing is prosent

howover.

A good view of the Blus Ridgo gop cen be had from the heights of the town,
Tne Potomae omcs Tlow.d on = land surface that stood above the oroscnt tops
of ths mountains, and as the land rosc the river cut down across the hard
rocks and so made the gap through the ridze.  The 500 foot lovel on which the
river once flov:d is cll proserved at the weint of viow on the huights of
Earncrs Forry be the shonandeooh and the Dotomac River.

Harpcrs shal. is cxposcd on the Potomac at Harpers Ferry. It is a dull
bluish-gray eodlor whon frosh and weathers to a light greenish-gray. it is
everywhere much twisted and compressed and its probuable thickness is from
1200 feet to 2000 feet.



THE PIZIRIONT TLATIAU

The Piedmont Plateau extends from Nevw Jersey to Alabama near the city of
Montgomery. It varies in width from rifty miles in aryvland to one hundred and
twenty-five in North Carolina. The surface dips eastward at the rate of twenty
feet ner mile from an elevation of 1000 to 1200 feet on the west to 400 or 500
feet on the east.

It is bordered on the east by the "fall zone® vaich is marked by steepened
strean descents, low falls, and rapids. It probably marks a simple monoclinal
flexure or a series of slight faulis. The Plateau is bordered on the west by
the Arpalachians, and here the division of the two is distinet to the south, but
not so distinguishable in the norta.

The general apnearance of the Piedmont is a broad undulating surface extend-
inz in every direetion, and upon this surface are low knobs and ridges rising
above the general level, waile Delow general level are numerous anG narrow stream
valleys and channels. A striking feature is the asppearance of an even sky line

fomed by rmounded hilltops wvhieh fall in a cormon plane.

Originally t .1is area was an extensive rolling nlain vhich extended west over
the old Appalachia land. This occurred in Cretaceous time and the plain area was
then called a peneplain and dipped slightly sastward with streams traversing the
plain to the seaz. In developmont, viien upheaval occurred the land was elevated
and dissected with present his mountain-crests being the residuals which never
reduced to a lovland, due to greater heisht, greater hardness, and favorable
positione.

The old plains now rsach an altitude whiich constitutes then as a plateau.
Upon thiis upheaval there was dowvmvarning to the east which consiitutes the area
of the Coastal Plainhnd uplift on the west waieh ives rise to the Blue Ridge
Mountains.

The uplift caused increased stream activity to the east which was the direc-~
tion in vhich the plain was tilted. 3treams ercded channels, carved out valleys,
and divided the plain into plateaus senarated by luxuriant valleys with meandering
streams and flood plains.

If channel cuts more rapialy than <eneral surface is disintegrated, upon
upheaval lateral strean gorges and valleys have a convex profile. As upheaval
ceases convex profiles chauge to concave nrofriles, From this fact, time relations
between diastrophism and degradation are dotomined. Alse these and certain other
facts provide evidence that the Fiedmout was not upheaved evenly but was scattered.

The survival of drainage conditions as shoum in the courses of the larger
streans give evidence that they are indenendent’ of structure and character of
rock while the tributariss show adjustment tc the mek floor, The evenness and
plane surface characters are due to neneplanation and not the underlying
formations,

The rocks of the Piednont are chiefly erystalline derived from original
sediments and original igneous masses. Crystalline gneisses, quartzites, schists
asscciated with erystalline limestone, and phyllites intruded by granibe are
commion. Gaeisses, granites, and pabbros offer about the same resistance anc form
the greater nart of the surface developed in rounded hills with zentle slopes on
the upland surfaces. More resistant rocks are serpentines, slatos, quarts schists,
and guartzites which stand out as ridpes or knolls above surroundin~ gneiss.
Numerous fissures appear, and are filled with white crystalline quartz in uwhich
deposits of gold have been discovered.
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While form and size of Piedmont Valleys have a relation to structure, the
courses of streams have not been strongly influenced by arrangement of the bed
rock.

Numerous types of so0il are present, the greater part being residual soils
derived from weathering of igneous and metamorphic rocks. These are termed the
"red ¢lay lands.™ Other types of soil are Triassic¢ sandstone and shale which
are dealt with later, and a small amount of glacial soil tvhich occurs in New
Jersey.

The "red clay lands® include residual soils derived from igneous and meta-
morphic rocks; gravelly loam derived from granites; sandy loam derived from talcose
schists; gray, brown, residual soil derived from mica schists; and a stony loam
derived from gneissaes and schists.

Triagsic of the Atlantic 3lope

From the Bay of Fundy to the northern boundary of South Caroclina there occurs
at intervals a geologic fomation exceptionally developed and different from
surrounding conditions,

This formation is called the Triassic formation of Newark system of roeks.
It occupies 12,000 square miles and runs elongated in general direction of the
Plateau. As a whole it is 1200 miles long and never more than 100 miles wide.

The rock members of the Newakxk systen are sandstone, shale, conglomerate
with local beds of slate and limestone, and a marginal development of arkose and
breccia, Associated with the rcks are sheets and dikes of basalt and diabase
knovm as "trap” vhich are both intrusive and some extrusive.

T" wre are widespread occurrences of Taulis, which have resulted in either
west or east dipns, roughly at right angles to the trend of the basin in which
the formation lies. The rocks in general have a monoclinal structure and all
have marginal failts, also broad undulations occur but no true folds have been
observed,

The hills show a northeast and soutlmest $rend coinciding with the strike
of the underlying strata. Their relief is slight with lovw gentle slones of
thick fertile socil. Contimmity of the plain is interrupted by valleys cut below,
and hills, ridges, and nlateaus of hard rock above. The erystalline rocks of
the Pieduont are overlain by the Triassic sandstones and shales excent for four
corners of the depression in vhich the crystallines run dovm into long tapering
bodies of rock, ¢alled "prongs," which are developed into a topography far dif-
ferant from that develoned on Triassic strata.

The four prongs are named in respect to their areas these being the Carlisle
prong, Trenton prong, Reading nrong and Mamhattan »rong.
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I. Study this series of drawings and then on the last one color on the
surtace the remnants of the ditferent peneplanes in order to distinguish them .

2. Color the scction and surtace of Fig.8 to show qeological formations,
and append a lagend which should include: & Pre-Cambrian Crystallines
b Cambro-0rd. Limestones 5 ¢, Ord. shales ; d, Silurian Sand stone ; ¢, Devonian Shales
and Sandstones ; f,Carboniferous Sandstones; g, Triassic Sandsfone and Trap ;

h,Cretaceous Clays, marls, and sands,
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PHYSIOGRAPHIC MAP OF VIRGINIA
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The Coastal Plain or Tidewater Virginia rises from sea
level to a maximum of 300 feet, and is underlain by marine
clays, sand, and diatomaccous earth. It shows evidence of re-
peated emergence and submergence. Many valleys have been
drowned to form Chesapeake Bay, around whose margins are
terraces produced by later uplift. The gravelly soil is infertile,
and the population is sparse except for the region around Nor-
folk. The higher land consists of flat well-drained sandy up-
lands with steep slopes descending to wide and swampy river
valleys. The Dismal Swamp occupies an initial depression in
the Coastal Plain.

The Piedmont is a belt of ancient erystalline rocks which is
but a few miles wide at the north but along the southern bound-
ary of the state extends for over 100 miles from the Blue Ridge
to the Coastal Plain. Tt is an uplifted and maturely dissected
peneplain, having a relicf of 200 to as mueh as 500 feet, the
whole region being deeply covered with residual soil. Several
downfaulted grabens of Triassic sediments interrupt the con-
tinuity of the upland, the one near Richmond being the site
of the first coal mine in the United States. The Fall Line,
forming the outer margin of the Piedmont, appears to be a
resurrected sloping peneplain which extends beneath the
coastal plain sediments. It is the locus of several towns and
cities, such as Alexandria, Fredericksburg, Richmond, and
Petersburg.

The Blue Ridge is actually a series of parallel ridges and up-
lands, attaining an elevation of 4,000 feet and made up of
granitic rocks as well as those of sedimentary origin, now
metamorphosed. Quartzitic rocks form the western ridges of
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this provinee and represent the lowest or Cambrian members
of the Paleozoic beds which farther west underlie the Folded
Appalachians and the Appalachian Plateau. The Potomac,
James, and Roanoke Rivers all rise west of this province and
cross it in important gaps on their way to the sea.

The Great Valley, the easternmost belt of the Folded Ap-
palachians, is 15 to 20 miles wide and is underlain by Cam-
brian and Ordovician limestones. It is drained by several dif-
ferent streams, the Shenandoah being the most important.
Numerous caves, sinks, and lost rivers occur in this belt, which
is also the richest agricultural seetion of the state.

The Valley Ridges make up the western part of the Folded
Appalachian belt. The region consists of many parallel ridges
and valleys. Several of the ridges are eroded anticlines which
exhibit basins along their axes. These are mainly Devonian
beds. The more eastern ridges are synclinal structures of
Tusearora quartzite. These features are elearly shown in the
geological section.

The Appalachian Plateau of horizontal structure is repre-
sented in the southwestern part of the state. It is separated
from the Ridge and Valley province by a pronounced and
much dissected escarpment called the Alleghany Front. Part
of the plateau is thrust westward to form Pine Ridge along
the Kentucky border. The plateau is maturely eroded and is
the home of the Kentucky and Virginia ‘‘mountaineers.”’

(The accompanying map is modified from Atwood-Thomas
(éeographies, Virginia supplement, by permission of Ginn and
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Sections to show the history of the Coastal Plain, Piedmont, Blue Ridge,

Valley and Ridge Province, and the Appalachian Plateaus:

Cambrian Peneplain before warping.

of the Pennsylvanian, folding begun. Trosion
to a peneplain, indicated by the broken line.

A, the Pre-

B, 3ilurian times, when old Appalachia
was high, and deposition was taking place in the Appalachian Trough.
Appalachian Trough filled, with cozl beds in black on the top.

C, the
D, at the end
followed, reducing the land

B, faulting in the Triassic

with the Fall Line Penevlain, and its covering by Cretaceous sediments,
making the surface on which rivers werec superimposcd. G, the foregoing
surface arched, then croded to the 3choolsy Dencplairn. H, warping of the
Schoolcy Pencplain, shown by the brokeun line, and cresion to ths Lowland
Peneplain.



THE FIDGE FORWING Rock:s OF THE APPALACHIANS

Erwin Quartzite

0f the ridge-formers, the Erwin quartzite is the lowest and oldest member. This
is a very hard resistant rock changed from sundotone to its present condition

by the great heat and pressure createu by the Aspaicchisn Revolution. The
quartzite srotrudes above the leo: resictant rock to form Lick iountain and Mays
glountain. The age of the formation is Cambriszn., It has an average thickness of
approximately 500 feet.

Clinch Formation
The Clinch Tormation is a hard hesistant sandstone grading from white to brown
in color. The brown ig the resuit of iron being carried in solution. In some
places the sandstone is entirely repjlaced by brown iron ore, The Sandstone is
interbedded with red shale., This is the principal mountain forming group. The
age of the formation is Silurian. The average thickness is 650 feet. Under-
lying this formation due *o th;uat~fau¢u1ng, is the Helderburg limestone of the
Devonian age. The limestone doesn't aupear at the surface because of the solubil-
ity, however it has left many chert anc flint nodules strewn over the ridges.
The following mounteings are formed by the Clinch: Draper, Walker Cove, Buckeye,
Paris, Catawba, East River, of tnabb the iper its. are the highest st 3351 ft.

o

o

Dra
The best exposure of the formation is szed at the gradings for the Virginia
Railroad. We will ses the Clinch necr bthe twon of Pulaski.

Ingles Conglomerate

Thici8 & formation of the second order of megnitude. It is a flaggy sandstone
which forms the ridges bounding the wulley coal fields of Virginic on the north-
west. The formation is Devomlsn in age. 1t forms Brushy ut., Little Walker,
Tract, and Caselnife Ridge.

Lee Formation
This is found in the northwest
oy

and conglomerzte having an

gection of Virginia., It is made up of sa
3TV (6 15 plresaa A*F' C‘l{\ £, et Tl e pymaner an e
erage U U
byond the coal field margin. There are many xua“ta pebbles to be found from
this formation on the cross-bedded and ripple-marked sancotonc slopes. t is

the basal Pennsylvanian formation,
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Medina Formation

The Medina forms Tussey, Dunning, and Evitts mowntains. It was formed during
Jower Silurian time. This JJrratlon is made up of shale, sandstone, and cong-
lomerate of which the sandstone is the most consyicuous. The formation ig highly
folded in most places.

Pottsville Conglomerate

The formetion is ¢ very resistent type of conglomerate. The ridge formed by
this is known as Third Hountain. The greatest thiclmess of the formation is
found on the southern exposures. The esstern oubterops exceed 7500 feet and in
no place is the formation lesg than 00 feet.

Tellico Sandstone

This sandstone is found between the Athens anc Sevier shales. The ridge formed
by the sandstone is called Pine Eidge and it outcrogs on the northwest slopes of
the Clinch Formation. It is not one of the mor: orominent formations. The
sandstone is Ordovician in age.
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Pocono Sandstones

The age of the layer is lower sississippian and the thickness varies from 200 feet
in Pennsylvania to 100 feet in the southernmost edges. The type of fossils indicate
a terrestial origin., The mountains formed by this rock are Cove, Second, Peters,
Bear, and Montanago.

Mauch Chunk

This is a great coal bearing layer and also contains a good deal of gas. The forma-
tion overlies the Pocono Sandstone and is composed of red shales of a sandy texture.
This originated from a delta or flood plain and was laid down in upper Mississippian
time. The formation forms the Broadtop Coal Basin.

Oriskany

In the northern Appalachians this sandstone is very pure and is used as a glass
sand. As the layer progresses south there are more impurities to be found. Gas
is also an important product of this formaticn. The rock was laid down in lower
Devonian time and is part of the Oriskanian Series. The formation extends through
the whole Appalachian range with a varying thickness ranging from a few feet in
New York to himdreds of feet in Marylsnd.

Wise Formation

In Lee County we find the thickest part of this formation. The Wise is found
throughout the coal bearing company. This formatlon is composed of sandstones,
shales, and cozl beds. Of these coal beds there are itwenty workable. The total
outcrop in the ceal fielde is sixty square miles. There are no fossils excepting
those of plants found in the coal beds. The thicknsss at the "Pocket" is 2600 feet
and in the viecinity of Keokee is 2500 feet. The Wise formation forms the ridges
of little Black Mountzin and Lone M ommtain. The age is Pennsylvanian,

Hamilton

The Hamilton Formation is made up of hard resistant shales and limestones. These
layers were laid down in middle Devonian time. We may find in the rock fossils of
marine origin indicating a beginning under the sea. Stoney ridge is composed of
the rocks of the Hamilton Formation.

Chemung

The Chemung is part of the Catskill Forsation whose origin was the result of shallow
water deposition. The thickness of the beds in the formation vary from 1500 to

1800 feet. The red shales and sandstones that compose the formation are very resist-
ant to weathering and are quite highly folded. The beds were laid down in late
Devonizn time. The fossils found are ¢uite numercus and of marine origin.

The ridge forming rock of the formation is known as the "Bee" rock. This is a very
hard and massive sandstone having a thiclness of 100 feet and forming Stone
Momntain.

Tuscarora

The Tuscarora sandstone is very massive and quite resistant to weathering. The
formation was laid down in the Silurian age and has become highly folded since that
time. Blue Mountain is formed by this formation. This is one of the less
important beds,



THE CEINTRAL PART OF THE NEVER APTALACHIANS

The central part of the newer Appalachians is bounded on the east
by the blue ridge and on the west by the Alleghery front. The ridge and valle
valley portion consists of closely folder strata. The flat level topped
ridges present an even skyline, all at about the same elevation, here amd
there cut by gaps. The tops of the ridges represent the remnant of the
peneplain which was formed during the Jurassic-Cretaceous erosion cycle.

In Pennsylvania, Maryland and Virginia the loang parallel-sharp
crested ridges are characteristic of the Appalachian topography, often
with a zig-zag pattern. A number of facts are essential to the under-
standing of the zig-zag ridges:

1.

2,

Se

The Appalachian type of structure preveiluthroughout the
region, a series of regularly folded strata, the folds being in
the form of more or less regular anticlines arnd synclines.

These folds have been penenlained so that by the erd of the
Cretaceous erosion cyele the country was worn down Lo a plane
surface,

The fact of base leveling of these folds means that both herd
and soft rocks were at ons time exposed in belts but with only
the faintest lopographic cxpressicn,

All rock strata would be¢ exposecd alincst in the same plane, for
the crosion cyele was long ehough noi ounly to quickly bring
down the soft rocks to base level but also to finally reduce the
hardest members to the guneral level.

Uplift then occurred in the rugion and opportunity was afforded
for the rejuvenation of the streams; the belts of soft rock were
worn quickly down approximatcly to the nmew basc lovel while the
harder rock belts stood out as ridges whosc summits now repre-
sent the ancicnt lovel of the Crotaccous peneplain. The ridges
arc even toppsd becsuse thoy were worn dovn by the carliest cycle
of crosion and since uplift, »o¥% ¢iough time has elapsed to cut
into the ridge tops although the softer materials betveen has
favored devclopmsnt of cxtonsive lowlands.



6. The axes of the folds are not horizontal for any distance
but niteh below the level of the peneplain. If the axes
of the folds w»itch at a steep angle the ridzes formed are
more strongly divergent; the gentler the ptich, the narrower
the angle between the ridges. Accordingly as the original
folds were broad, zently ptiching or narrow and steenly
pitching the zig-zags are long and wide or short and narrow,

In the case of the erosion of a pitching anticliral fold the
steep slopes are on the ins¥de of the fold and the gentler slope om
the outside, down the din. ‘thus the characteristic half cigar-shaped
nountains are developed,

ing ancline nroduces ridges with steep
sose  The end is a rather sharp V

cut as a not quitae reduc.d portion

is the cance-shaped valley of the wig-

The crosion o
outer slodes and &
and being doubly res

zag country.

The developmont of anticlinai and synclinal mountains in a given
rozion depends upon the rolaetion of the lanc of crosion to the hard
and soft strata. In the A p&iucmian rogion the nlanc of base leveling
seams bto have cut through the striba in such a mannor as Lo form a
larger numbor of antielinal than synelinal mountains



ABSTRACT OF T CRT ON BLUE RIDGS

The Blue Ridge is the easternmost ridge of the Appalacihian mountains extending
in a linear fashion from the Hudson River southwest 1500 miles to Georgia. The
term itself is most pronerly apnlied to that »nortion of the ridge tithin or south-
ward of Virginia,

Its history is coincident with tiae lhistory of the entire Appalachian area,
which is as follows: (1) Strong defomsation and completes penenlanation, (2)
Unlift with rejuvenation and pensplanation. (3) Upwarping, with resistant rocks
(Blue Ridge and associated monadnocks) lelft in relief by ramoval of less. resistant
rocks and partial nenenlanation. ({4) Unlift with rejuvenstion: Formation of
entrenched meanders and dissection of vallevy floors into a network of small hills.

In the North, the Blue Ridge bepins at the Hudson as the Highlands of New
York. Proceeding southward, it narrows to the low Reading Frong near Reading,
Temnsylvania and is interrupted by thae Triassic lowlands. It reanpears at South
Mountain, near Carlisle, Pennsylvania (1000' elevation) as a rounded quartzite
scarp that rises uniformly through Catoetin Mountain in M.ryland to attain 2000!
elevation at the Potomac. Rising throughout Virginia (novhere abowe 4000%, however)
it is marked by a series of monadnocks ineluding M. rshall, Ziony M:n, and H.wks
Bill and is adjoined by rugzged, differentially sroded country containing numsrous
spurs, hills, and caves to the & .t, The Dlue Ridge widens in No i C..olina and
disseminates into the Unaka, Great 3uoky, Iron, Bald, Stony, Cow Bell, Sassafras,
Iroz, and Black ranges. The highsest pealis eccur in the Blaclk lMountain group where
are found Mt. Mitehell, 6,710 and Guyot's resal;, 3andoz Lnob, and Gibbe'!s Pesk,

all over 6000' in elevation. '

On the Viest, the Blue Ridge is bounded by the Great Valley, known as the
Lebanon Valley in Pemnsylvania, Shenandoah Valley in Virginia and Hagerston Valley
in Haryland. Its elevation rises from 300' in New York to 2000' in Virginia,
dropning from thers to 500' in Alabama.

nd

i)

The Blue Ridge is nierced by sunernosed streams, from the Allegheny
Cumberland plateaus, flowing through water gaps southeasterly to the Atlantic,
including the Potomac (Harpers Ferry), Susquehanna, Delavare (Water Gap), and the
Hudson (Highlands). The James and Roanoke rivers rise in the great valley and
then break through the Blue Ridge into the Atlantic. The Pedee, Santa, and
Savannah cascade out of the eastern slopes of the Blue Ridge and make their way
southeasterly over the coastal plains to the Atlantic. Strean niracy has pro-
duced)such wind gaps as Snickesrs, Ashley, and lanassas (fomor course of Goose
Creek).

Rock material constituting the rid; e itself includes greenstone, unakite,
granitic gneisses, mica schists of the Pre-Cambrian neriod and silicious rocks,
guartzites and quartzose slates of the Lo er Canbrian period.
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THE FOLDED APPALACHIANS

The Folded Appalachians are a group of long ridge-like mountains extending
from southern New York to Alabama, and because of their position between the
0lder Appalachians on the east and the plateaus on the west the region is commonly
ecalled the Great Valley. This Great Valley has numerous local names in various
states as, Lebanon, Lancaster, and Cumberland in Pennsylvania; Hagerstown in Mary-
land; Shenandoah in Virginia and in the south it is known as the Zast Tennessee

and Coosa.

The Great Valley sweeps in a long curve, approximately 1000 miles in length
from Nevw York to Alabama, and varies in width from 35 to 100 miles. On the eas?t
are the Older Apnalachians with the New Jersey Highlands and the Blue Ridge in the
north and the Great Smokies and the Unakas in the south. The west edge of the
valley is at the base of the abrupt rise to the plateaus, Allegheny in the north
and the Cumberland and Walden plateaus in the south. The floor of the valley
rises from 300' at the north to 2000' in Virginia and then slopes to 500' in
Alabema. The ridges stand 1000 to 1500' above the floor and form the mountains,
giving them an elevation of 2000' to 4000',

The mountains had their origin during the late Permian at the closeof the
Paleozoic Era. The region was fommerly a great geosyncline which slowly subsided
and filled with sediments from the erosion of the old land mass Appalachia to
the east. When sedimentation finally ceased, some 30,000 to 40,000 feet of sedi-
mentary rock had been laid down. TFollowing this interval of sedimentation, the
Paleozoic Era was brought to a close by the Appalachian Revolution. Stresses from
the southeast faulted, folded, overthrust, and lifted the strata to an approximate
height of 20,000 feet.

By Cretaceous times this great mass of mountains was eroded down to the level
of the Schooley Peneplain. Then a second uplift occurred vhich was subsequently
followed by the development of the Lowland Peneplain (only 107 effective). This
erosion occurred during Focene times., The third important upnlift came just hefore
or during the Ice Age. The land was then lifted to its present position.

Following the third uplift, erosion was renewed in this area of highly
folded sedimentary rock, and the present Appalachian type of long ridge-like
mountains was developed. The valleys have been cut from weak less resistant
Cambro-0rdovician limestones and Ordovician shales. The ridfes have developed
from the strong resistant sandstones, Silurian quartzites and conglomerates, Pocond
sandstone of Mississippian, Pobtsville conglomerate of Pennsylvanian, and the
Clinch sandstone of the Silurian.

There are three general tynes of mountains in the folded region. The Northern
type in Pennsylvania and West Virginia is developed on large open folds with
flanks dipping greater than 45° and the west dimb having a steeper dip because
of slight overturning to the west. Along the entirc system on the east side of
the valley we find isoclinal folding with associated faulting. These folds are
also overturned to the west. To the south the iscclinal folds becomye tighter and
more definitely feulted. The southern and southwestern parts of the Great Valley
are areas of great faulting and overthrusting.

In the Folded Appalachians there are two great coal fields, the northern field
is in northeastern Pennsylvania and is the important anthracite region. In the
south large bituminous fields are found in northern Alabama, which supply coking
coals to the iron industry. Brown hematite from the Cambrian aud 3ilurian
formations is mined in Alabama, Georgia, Tennessee, an( Virginia. 3one Manganese
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used in the iron industry is found associated with the iron deposits. The first
0il well in America was drilled in Titusville, Pemnsylvania, and oil is still
being taken from the field, West Virginia, Kentucky and Tennessee also produce
0il of Pennsylvanian grade from this field waich is responsible for about 10
per cent of the production in the United States.

~-—e(. Deal



APPALACHIAN RIVIR3

I

(1) Beginning in Cretaceous time the sea spread inland over the Fall Zone peneplane.
New deposits effaced old drainage lines.

{2) Broad uparching of the Apmnalachian region initiated a new consequent drainage
system causing the rivers to flow to southeastward in parallel courses.

(3) During Tertiary times came ths Schooley cycle of erosion and the development
of the Schooley peneplane. The superposed southeast flowing consequent
streams continued to hold their courses acroas the Appalachian structures.

(4) Uparching of the Schooley nenenlane pernitted rejuvenation of the drainage and
the development of the Harrisburg penenlane.

{5) Further moderate uplift allowed incision of streams in the Harrisburg level
and develonment of the Somerville peneplane on rocks of excessive weakness.

(6) Finally, renewed uplift may account for the entrenciment of rejuvenated streams
below Somerville level.

(7) Zvidence of the superposed southeast drainage

a. Watergaps and wind gaps cut in successive ridges are definitely aligned
in a northwest to southeast direction. Exa@mnles ~- Series of water gaps
north of Harrisburg cut by the Susquehamnna; Harpers Ferry on the Potomac
River,

b. Profiles of the ridge crests slone very faintly dowmward for long distances
toward the water gapns and wind gans.

IT

In the Great Appalachian Vealley the streams are arranged in a system of »nairs.
Flowing southwest, a brook meets another running northeast and together they
turn southeast or northwest to traverse a ridge. They are joined by a simi-
lar pair in the next valley. Tuis arrangeient of streams flowing at right
angles to their courses is called a trellis system of drasinage. The parallel
branches of the system are controlled by the »narallel ridges of hard rock
between each two pairs of streams.

Anita Schoenow



SHENANDOAH VALLEY AND LURLY CAVERN

Between the Blue Ridge on the east and the Valley Ridges on the west, the Valle,
of Virginia extends from the Potomac IHiver southward for more than 360 miles to
Tennessee. It averzges 20 -- 30 miles in width. At Harper's Ferry, on the
Potomac, it is 300 fest above sea level. In southwestern Virginia it rises to
2,500 feet above sea level. The Velley of Virginia is divided into six separate
valleys by ridges and lmobs extending east fron the Valley Ridges and west from
the Blue Kidge. The largest of these valley lowlands is the Shenandoah Valley
which extends from Hargert!s Ferry southwestward beyond Natural Bridge. It is
about 150 miles long and iQ ito <0 uiles wide. The northern part of the valley i.
divided into two parallel valleys by sdssssnutten Mountain, a monadnoch which
stands 3,000 feet above sea level. assenutten iountain rises abruptly just

east of Harrisonburg and extends northeast for 50 miles to the vicinity of
Strassburg. This mountain is made of folded sandstone and Clinch quartzite which
resisted erosion while the less resistent shales and limestones of the adjacent
valley areas were being leveled by streams., The greater part of the Shenandoah
Valley and the numerous valleys and ridges to the west are drained northwestwara
into the Potomac by the Shenandoah River and its tributaries drain the momtains
which border the southwestern part of the valley.

Sinks and sink holes, occurring abundantly in limestone areas, are censpicuous
features of the valley floor. They are found in almost any part of the lowlands
above the surface streams, and several ol considerable size are to be seen
along the main highways. Sinks are saucer-like or funnel-shasped surface dep-
ressions through which surface drainuge descenas to underground channels. They
result from the enlargement of joints nesr the surface and the solution of the
%8 are also formed through the collapse of a portion of
the roof of a cave near the surface. Vhen so foruned they are generally
irregular in outline and are connected with subterranean channels by nearly
vertical, pipe-like holes. Such sinks are generally called sink holes. They
vary in size from shallow cateiament brsins several feet in diameter to pits zC0
feet or more wide and as much as 100 ft. in depth. Sinks and sink holes are
closely associated with underground drainage channels. They are therefore

rather accurate incicators of cavernous areas. Small ponds and lakes sometimes
result from the stoppage of the outlets of sink-Roles.

underlying limestone,

Cave Hill, about a mile west of Lurey, in which .vray Caverns occur, and similar
ridges flanking Hassanutten iountain on the east are in a belt of cherty Been-
mantown limestone, The entrance to Luray Ceverns is in a thickly-bedded, dove-
colored limestone which brecks with a conchoidal fracture. In some of the lower
passages in the cave, thin beds of fine-grained, compact, siliceous, gray lime-
stone occur between thicker beds of semi-~crystslline to dense, dove-coclored lime-
stone. Ruffner's Cave on tie northwest slope of Cave Hill and many sinkholes occur
in the Beehmentown limestone in the vicinity of Luray Caverns. The Beehmantown
group comprises light—grey to blue, cherty, generally fine-grained, magnesium
limestone and dolomite. The thickness of this group ranges from 800 to «,00 feet.
Surface exposures are usually grayish-blue or dove-colored and yield a greyiuh
brown to dark brown cherty soil. Luray Caverns were formed during late Lertiary
time. Folding resulted in the caverns developing along the strike of the
limestones. Lowering of the watertable and circulation of ground water caused
the various levels of rooms in the cave. Luray Caverns are in coarsely bedded
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Beehmantown limestone on the southezsstern limb of the Massanutten ilountain
syncline., At the entrance, the limestone appears to be nearly horizontal. The
orevailing strike of the limestone is N459E. and the dip is 259 - 359 S.E. Tre
larger chambers and corridors are aligned along strike joints. Intersecting ani
looped cross-channels and rooms, some of considerable size, occur along enlarge”
joints which extend southeastward and northwestward from the main strike
channels.

Luray Caverns comprise a complicated system of spacious rooms, ranging in
height from 30 to 90 feet, connected by natural branching, intersecting ana
looped passages excavated on four different levels. A map of the known
chambers and side channels resembles o giant spider web with a definite north-
east-southwest alignment of the longer passages. ilore than 3 miles of passages
have been explored, but only about 1 miles are open to visitors. The tour

is confined to two levels and is circuitous but continuous. Luray Caverns are
in the Nittany dolomite of the Beehmontown group.

Bibliography:

Physiography of the United States, Looumis 1937.
Report by:

Wayne Taylor.



THE OVER-THRUST AT EAGL: HOCK, BOTETOUKT COUNTY, VIRGINIA

Pulaski Over-thrust: Extends from Tennessce to central Virginia for a distance

of

300 miles.

Salem Block: Of the Pulaski over-thrust is a symmetrical area bounded on three
sides by Pulaski fault and on the fourth by the Blue kidge Escarpment.

Extends from Altopna #ills to Fagle Rock, measured in a northeast

direction, 70 miles long and 10 miles wide.

Is eroded to valley floor peneplane level and elevation in northeast

portion is 1400 feet and in southwest portion is 2150 feet.

l'

2.

Stratigraphy: Essentially same as central Appalachien area. Five main

groups outerop in this area.

a. Pre-cambrian crystalline rocks.

b. Early Cambrian sediments.

¢, Cambro-Ordovician calcareous beds.
d. Late Ordovician shales.

e, Post Ordovician formations

Geclogic Structure: Great shallow Synclinorium.

Limbs of the synclinorium maintesin a regionsl dip towards the
central axis.

The thrust block forumerly covered the area of Draper ana Tract
Mountains. As evidence of this a long narrow tongue of Cambro-
Ordovician limestone has been found largely surrounded by Devonian sedi-
ments, just north of the Draper mountains, and its presence can scarcely
be explained except as an infolded wass of a former over-thrust block.

Date of Faulting: Not earlier than lower wilssissippian and probably
during either an upper Pennsylvanian or a lower Permian date

throw of

& < .}.
heave of about 10 mil

Diagrammatic section through undergroynd limestone uuarry at Eagle Rock.
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a. Nature of Formations in Cross Section:

(1) Nittany Dolomite: Heavy-beddes, mas.ive, dark blue,
high in magnesium, weathering to a gray-buff. 8 to 10 feet
thick. Has a few fossils of Canadian or Beekmantorm age
{Ordovician).

(2) Holston Limestone: Coarsely crystalline, massive,
no marked cleavage or Jointing. 40 feet thiclk.
fauna of Ordovician trilobites and brachiopods.
& source of lime. (Ordowician).

(3) Linoir Limestone: Hard, finely crystalline, somevhat massive,
upon weathsring breaks down inte thin, slabby layers. 85 to
125 feet thick. Carries abuncant Tossil fragments. (Ordo-
vician}.

(4) Liosheim Limestone:
Roek.

aense,

blue-gray,
Has a meager
uarried as

Does not outeron in the vieinity of Zagle

b. Hamging wall is Nittany dolomite, Foot wall is Lenoir limestone.
In hanging wall, the under surface of the Tulaski fault may
be examined, and will show little grovving or striations but will

show slickensides. Line of demarkation at exact contact is very
sharp.

d.Location: All exvosures are readily aceessible, and
Z2taslon.

are clearly visible
across the James River from Jagle Rock.
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DRAPZR 1T,
focation - 5 miles Southwest of Pulas i in Varginia.
Physical features. - Hami~-allipticzl ridge with west end elevation

3163 feet known as Hamilton Kcob and east end elevation 3374
feet knowmr as Feak Creek Kuob,

structure. - Open fold, recumbent anticline with southern limb eroded
away because it is above present erosion level. Overridden from
the southeast by Pulaski overthrust forming a Fenster.

Stratigraphy - Draper Valley is Oxdovician Scovier 3ugle which includes
Tartinsbargh, Chambersburg iimestone, and Aihens shale,

The moumbain ridec is formud by resistent Silurian
Xinch sandstoﬁ“.

gtPata to the north of ridme is Duvonian sandstone and
shale, including nomney shale, Portagesh, Ciomong sandstone fo
Mississippian Price formaticn and Muceardy shale.

Strata to thoe south of the mountain is Oraovician
Lsuoir and Mosheim limsstones. Bsckmantown dolerdte, running into
Cambrisn Ccnococheagus limestonc, Zibrook limestone and Roue
formation,.

Gcologic History, - Stresses camo from scutheast and causcd Tolding in

dlrectlon.H.ZBOW. overturnicg. TFoulding started with the A_palachian

rovolution in carly Pennsylvanian and terminated with the closea
of Purmian. Tuis folding took placc before the stresses woere
relieved by the Pulaski overthrust,

Feonomic Guology.- Izun minss occur on MNorih limb of mountain.

Pulaski Fault.

Location: Starts noar Groenville
200 miles in a northcastly di

Structure: It is a single, broad ovarthrust fault with a Ma X1
overthrust of 9 milcs near Druper. Not tho longest fault in
this rogion but it has thu la overthrast. The faults
arc arranged in an ocholon pattern in the Appalachian arca
and in isral thoy run in a sarall.l MWE.,-3.Y. dircction.
pulaski fault is an sxcopbion in that it reverses direction
nezr Draper.

&

History: The stresses cane

sowtheast during the Appalachian
Revslution and waere rel o

Witing after Permian time.




FEconoriics:
This fault serves as an avenue for circulating ground waters
which have de~osited much mineral matier alomg its plane.

Fensters: - (Gr. - meaning window) Occur where the grosion
of the older overlying rocks have exposed the younger under-
lying beds.

Price Mountain feunster.

Location- 20 miles N.E. of pulaski, between
Christiansburg and Blacksburg.

Physical feature. It is a ridg  with an elevation
of 400 feet above theo surrounding terrain,
It is about five miles long running B. & W.

Structure;  An anticline exposed through the
Pulaski overthrust.

Stratigraphy: Rumning Worth from the center of the fenster
is the Mississippian Price formation with its coal seam,
the Maccardy shale, and into Cambrian Rome formation,

South of the fenster the beds are the same as they
are to the north.

Zconomics: The Mississippian Price formgtion and associatar

coal seam outeror in an ellipitical outline in the
center of this fenster.

Tast Radford fenster

Location: Three miles south of the Price Mountain fe 1 ter.

Stratigraphy: It has Devonian shale exposed througn Cambrian
Shenandoah limestono,

~

Berringer and Ingles tountain fenster.

Location: Five miles south of the 2. Radford fenster.

Features:; It is an low lying ridge trending E.&W. 5 miles long
and 1 mile wide.

Structure: This is an .nticline with 2 faulted overthrusts, Tho
1st fault was the Pulasii, followoed by the Salem fault. The
1st(Pulaski) overthrust the Cambrian Shenandoah limcstone over
Devonian beds and the 2ad (Salem) overthrust upon the provicus.
Subsocquently the erosion has ranoved the upper layers of tho
Salem overthrust but has not yot rcached the beds under the
the Pulaski fault.

Stratigraphy: Valley is Divonian sandstonc and shalce with tho
ridge boing formed by Mississippnian Ingles Conglomerato
sarrounding tiis 15 the Cambrian Sheonandoah limsstone,
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ORIGIN AND DEVELOPMENT OF NATURAL BRIDGE, VIRGINIA
by Clyde A, Malott and Robert R, Shrock

The Natural Bridge of Virginia is a natural span of magnesian
limestone 40 to 50 feet thick, stretching across the narrow 200
foot canyon of Cedar Creek. This span is about 90 feet long and
varies in width from 50 to 150 feet,

Two theories have prev.iiled concerning the origin of Natural
Bridge. The first is as follows: Originally the waters of Cedar
Creek found a subterranean passage benesth a ridge through which a
cavern tunnel was developed. Natural Bridec is a remmant of the roof~
rock of this former cuvern. The two ends of the cavern collapsed and
dissolution of the fallen roof-roclk followed, making the stecn~walled
canyon on either side of Matural Bridgc. The second theory is more
recent, and is more widely accepted. It is as follows: Rejuvenation
caused entrenchment of the lowoer ¢nd of Codar Creuk and the structure
favored the dovelopment of & high waturfall a shord distunce bolow
the prescent ilatural Bridzo. Secpage of watsr dovnward through joints
and along bedding plancs starting some distunce back from the crest
of the falls, prob.bly only a short distance above the prescnt Natural
Bridge, developed @ sub-surface conduit woich come out in the stroanm
ncar the basc of the falls. =Evontually the water ab:ndoned the sur-
face stream for the subsurfacs conduit, and in time Matural Bridgc has
been fashioned from tiace erudc initial arch above the relatively short
tunnel, The oftfects of the r.ojuvonation allonoed the streum to cut
down bunozth tho areh and the rapids and £1lls are now Tar upstream.

The Ab:ndoned Route of Codar Crazk

Bofore tracing out the developmoent of Mutural Bridee it is ad-
visable to try to find the wbandoncd bed of Codar Creck. The bridsoe
is located on the broad slope of the wost side of tho Cuscades Creck

valley. There is no strsul gravel or trece of vallsy floor awbove tho
bridge. Up the gorge from the bridse is © sharp meandor curve to north
and another to south wast, in which Cuscade Creck flows. In this
valloy are srivol deposits, including well rounded cobblus of quart-
zitie sandstonc, probubly Mussomutten sondstons. The only logic:l
explonation of this rummant of Ligh level v.lloy now 200 to 250 feet
above the gorge of Cedar Crook is tht it is - formur valley fo Codar
Creck. It is improbable thit tho valley w s occupioed by Cascade Creck,
28 the gravels and cobblss ¢f uartzitic i .sszonutton sandstons would
not likely have boen carricd by this smill stream, hoving its hend only
two milas @uny.
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The Origin and Development of Natural Bridge

3ee Diagrums

It is inferred that uplifti caused Cedar Creek to develop a gorge in the
lower part of its course and that some entrenchment had taken place as

far UR as the present junction of Cascade Creek. The waters of Cedar Creek
were diverted through & subsurface passage beneath the meander spur. The
initial passage was along the present canyon line, and began with a sink
near the present sharp turn of the stream sbout one-fourth mile above the
bridge., The moderate southeast dip of the bedded and jointed strata
here, changing to a low dip approaching horizontality, offered very favor-
able guiding lines for nercolating waters to develop a subsurface conduit,

Because of the stresm entrenchaent proceeding up Cedar Creek, it is
probable that the outlet end of the cavern tunnel was iuch lower than the
inlet end. Consequently the roof-rock w.s thicker at the outlet end, and
thie uncovering of the eavern tunnel proceeauu mich slower at the outlet
end than at the inlet. This result:d in the more runid canyon rormation
above the present bridec. Eventually the cruest of the spar ridse was
passed and the prescnt stage resultad.

The hanging condition ot Cascade Crouk suggests that cntronchment

1

of Cecdar Crouk took placc aftur diversion of its waters, Tho hanzing
valley is preserved becuuse a protective layor of truvertine is continually
being denosited over the surfice of the cascade and rapids.

_Conclusion

Cedar Crock Tormerly followod 1 groat wounder curve about a spur of
nearly horizontally bedded limestonc. The Crock found a subterrancan
passage beneath the ridre and this passage was developed into a cavern
tunncl. The roof-rock, espocially at the onds and more particularly at
the upper end, weakencd andg, lacking supvort, graduelly foll into the
decpening tunnel and was dissolved. A romrunt of the roof-rock still re-
mains and forms a natural bridgs over the stoup-walled c.nyon.




Fige 1o 3ketch showing the msander Eig. 2. Sizetch shoving the imitial
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THE OLDER APPALACHIANS
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Brock DiaerAM of HARPERS FERRY REGION.
1. Note & physiographic regions in this area.label them.
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GeoLoGICAL MAaP oF GEORGIA. (GaSuwbuirg  (° GEOGRAPHIC PROVINCES OF THE SOUTHEASTERN
I. What two physicgraphic divisions o Georgia, 0 Onirep STaTes. (Ga.Geol Sury. Bull. 42)

/ \ .

as shown above, are included in the Older Appalachians? . What other names are applied to the Appalachian
2. What three importan! cities are on the Fall Line? Valley and the Appalachian Mountains ?
3. What is the age of the Coastal Plain formations? 2. indicate position of Atlanta, and explain its
4. What is the age of the rocks in the Greal Valley ? locatien. Label fthe Fall Line and Blue Ridge,

&‘«:&M e R

THE BLue Ripee v weEsTERN NoRTH CAROLINA, VIEW LOOKING souTH. (U.S. Geol.Surv.)
* LExplain the tact that streams tHowing eastward toward the Piedmont are able to work
headward and capture the streams flowing westward on fop of the upland .
2. What evidence do you note against the theory that the Blue Ridge Escarpment
is a Favlt Scarp? s the scarp due to differential - erosion, that is, are the rocks in the
Piedmont less resistant than those in the Blue Ridge Upland ?
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THE INTERIOR LOWLANDS.
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PROVINCE SECTION

a. Highland Rim section _ 11a. Young to mature platean of moderate relief.

" 11. Interior Low b. Lexington Plain________ 11b. Mature to old plain on weak rocks; trenched by main rivers. \ Qoo
Plateaus ey \ A,
|c. Nashville Basin. ... ... 11e. Mature to old plain on weak rocks; slightly uplifted and moderately oo\ e
dissected. E
ld. Pos:;iiblle wesdtem section (not 11d. Low, maturely dissected plateau with silt-filled valleys. @S thersgs’ \ | /j
elimited). ) >1< AR
a. Eastern lake seetion ... ... 12a. Maturely dissected and glaciated euestas and lowlands; moraines, lakes, & h ¥ ” .
and lacustrine plains. M RS - A .
b. Western lake section .____... 12b. Young glaciated plain; moraines, lakes, and lacustrine plains. . 4 ¢

e. Wisconsin Driftless section_. 12c. Maturely dissected plateau and lowland invaded by glacial outwash.
13 12. Central Lowland .. (Margin of old eroded drift included.)
! d TilPlains .o ..o 12d. Young till plains; morainic topography rare; no lakes. 0

37 putath

<

e. Dissected Till Plains ._...._. 12e. Submaturely to maturely dissected till plains. L Sisvinte
f. Osage Plains. ... ... 12f. Old searped plains beveling faintly inelined strata; main streams in- ‘§ : & ‘A,}:,"

trenched. e

A THE PHYsSiosRAPHIC DIVISIONS ofF THE CeENTRAL UNITED STATES. (Fenneman, Assn. Am.Geog)
© The two Provinces listed and described above as the InTERIOR Low PLATEAUS and the CENTRAL
LowLAND are sometimes taken fogether as the InTERIOR LowiLanDp PRoviNCE.

| in what way do the Lexington Plain and the Nashville Basin resemble cach other, in structure?

2 \ndicate exactly the coufse of the Niaeara CuesTa. The following major structural features should be
Foughly outlined and the dips suggested by arrows: OnTario, Wisconsin, CinainnAaT1, NASHVILLE, and OZARK  DomMES;
MICHIGAN, JowA , ILLINOTS , ALLEGHENY (PLATEAU), WESTERN KeENTUCKY, OKLAHOMA and NoRTHERN ALABAMA BASINS.

3. Account for the greater dissection in the region 12€ fhan in i2.d. Explain the section 12C.



ZINC MINES AT HASCOT, TITE3SIED

7inc ores are confined to the msgnesium limestones or dolomites of the State,
notably the XKnox dolomite of the Great V&;le' of Tennessee. In ilis valley
the dolomite is sharply folded and faultsd in long lines lying northeast and
southwest, and outcrops in blets betwesan uelto of cther outcropping rocks. In
Tast Tennessee there are 3 such belts nearly parallel, 40 to 50 niles long and
about 20 miles apart. These belts are euch only a few hundred feet wide and
follow the general strike of the Appazlacihian system of folds and faults. The
contral belt which is cullied the Holston zinc belt occupies the valley of the
Holston River. This belt has ores containing zinc with no lsad and less than
0.5% iron. The more northerly belt, near the Powsll River, and the southerly
ore body, near the Froncn Brood River, carry both iron and l.oad.

The Mascot Mines of the American Zinc Company of Tenn., are located im this
central Holston Valley zinc belt. This belt is about 40 miles long, and from
50 to 700 feet wide. Knoxville is near the center of the belt and the nmines
are situated along the Southern Railways about 13 miles northeast of ¥noxville,

Previous te 1900 only open pits, which were worked for oxidized ores, were
operated and the production was amall

In 1900 a shaft (M0.3) was sunken to a depth of 187 feet., The upper S0 feeol
mere in residual c¢l.y, the remainder in brecciated and messive dolomite.

Ore was ciucountercd at a depth of 104 fest. Roth carbonate and sulfide orcs
were mined. MNow the output consists of sulfids ore omly. The ore body has
developed for a lsngth of 7,900 feot alonw the strike and a distance of 1,200
feet dovm the dip.

The rocks of the Vallsy district counsist almost entircly of scdimentary depos-
its and rangoe in age from Lowsr Cambrian to Lower Ca rbonifﬁrous. They include

conglomerates, sandstones, shales, and limestone, arranged in rogular sog-
wence in accordance with the several poriods of depression and ulcVatlon.

The zinc deposits are not ristrictod in thuir distridution bo any onc formation
but have becn found fro:: tho Shady linwstons, of Lowsr Cambrian age; the
15:03 dolomite, of Cambrc-Ordovician a: B

se  Hovertheless, by Jar the higher
number of thuse de osits, in fact, practicalliy all of thosc of cconomic im-
portance go far discovoered, lic at various horizons uithin the Knorx dolomito.
in placcs locsl disturbances have given risc to cross-figurs zoncs of fracturoc.
In thesc zones arc ths rich st oro bodics. Tho orus arce sulfides and they
oceur in the fillinz of the fracture zone or breccia, combined with calcite

and dolomite ard not in the rock. wikere the clay and sand of the surface is

20 to 30 feet t.ick, carbonates and silicates are found to overlie the sulfides
and their ores.

The chief ore-mineral of the mine is sphalerite (2ZnS). Near the surface and
in solution channels where oxidation has talen place, the sulfide has been
altered to samithsonite (chog) sphalsrite wre, dolomite and calcite. The
quantity of sphalerits is variabls, generally deing greater in the more
intensely brecciated rock. Accessory ore mineials arc practically absent.
Locally pyrite oceurs but it cuantity is nesgligible.

During the year 1935 Tenn. mined zinc v.lusd at $1,246,000. The output of
voth Tenn. and Virginia totals only %% of the national output.



TENNZSSIE [ARBLE DIT03ITS

Chief denosits are the "Holston" beds, known in the marble trade as
*Tennessee Marble.”

I. Origin

II.

III.

Iv‘

A.
B.

C.

.

Age: ILaid down in Ordovician.
Location: In long narrow trough extending northeast-southwest 2,500
square miles, connected with ccean at 60th extremities.
Type of deposit: Marine animals, with shells of lime.

1. Bryozoans, crincids, grachiopods, cephalopods, gastropods.
Manner of accumulation: Om ocean floor, often in reefs, where they were
broken into fine fragments by wave action. TFerruginous clay distributed
over floor in thin seams -~ suggests that bordering lands were almost at
sea level, and furnished little silt.
Compaction: Pore spaces filled with calcareous mud-cenented by 08005=
Compacted into & crystalline mass by material laid down over it.
Changes: Uplift of land buried Holston beds and others with a greater
proportion of clay or send.

Location and OQuterons

A.

B.

c.

Stratigraphy: Holston beds are the upper 250'--500' of the Chicamauga
limestone formation, which is 750'=-1200' thick. Holston is more or
less coarssly cryatalline marble, laid dowm over beds of blue and gray
limestones, and shaly and argillaceocus limestones.

Location: Outcrop area 20 miles wide and 125 miles long, extending
northeast-southwest in Tennes,ee valley.

Quterops: Single outcrops from 7 mile to 75 miles lons, usually not
over ¢ mile wide. There are 8 distinet belts of outerop. Knoxville
belt is in center and is widest belt. Has wore uniformly bedded marble
due to its position in the center of the trough, vhere waters were
clearer.

Composition

A-

About 99% pure CaC0y. The 1% of impurities determine the color of the
marble. A very small change in percent of impurity will change the
marble radically, may even malte it worthless.

B. Impurities are: Magnesia, Manganous oxide, Ferric oxide, Alumina,
Silica, Sulphur.

Imperfections

A. Unsoundness: cracks, joints, fissures.

BC
C.
D.

-
de

Glass seams: Openings may be recemented by calcite or quartz.
Iron Sulphides: stain the finished marble.

3ilica: Much harder than marble -- injures tools.

Dolomite: Causes differential weathering in finished product.




ABSTRACT OF R:ZVORT ON TENNZS3ES VALLIY AND T.V.A.
1. General Geology and Physiography.

Termmessee valley is & part of the great Appalachian Valley, and the area
is gomuonly referred to as the "folded Appalachians.” It is a part of the Appa-
lachian province.

It is sharply ocutlined on the northwest by the Cumberland plateau and Alle-
ghany Mountains, and on the east by the Appalachian Mountains.

The valley is mainly composed of parallel ridges and valleys composed of
folded Paleozoic rocks, and shows a uniformi increase in altitude from 3500 feet
or less in Alabama to 900 feet at Imoxville, and 2,600 feet at its culminating
point on the divide between the Tennessee and New rivers.

The stream channels in the valley are sunk from 50 to 250 feet, above which
the valley ridges rise from 300 to 2000 feet.

There the formatiAns spread out at a low Gip the valleys or ridges are
broad; where the din is steep the ridges or valleys are narrow.

A series of outliers and spurs extends from the Smokey Mountains into the
valley, gradually descending from all directions.

Most of the mocks in valley are sedimentary, and many are limsstones or
dolomites.

There are 4 great cycles of sedimentation recorded in the rocks of the
region. The deposition of materials ceased at the close of the Carboniforcus
period.

The rocks of the valley have becn steeply tilted, folded, and broken by
faulting, and to some extent altered into slates. The folds and faults of the
valley are parallel to each other, and in general run southwest-nowtheast.

The folds and faults extend for many miles, and the folds are commonly
unsymmetrical, the northwest limbs of the anticlines being steeper than the south-
east limbs.

The divide between the Coosa Valley and Tennessee valley is broad and in-
distinct.

The rainfall (mean) of the area is epproximately 52" per year. In limited
areas the rainfall may be as high as £0" per year.

The Tennessee River drains an area of 40,600 square miles, about equal te
the area of the state of Ohio. o

The Tennessee Valley area has a ponulation of approximately 2 1/2 million
people,

The soils of the area are prevailingly of fine texture so that they absorb
water slowly, yield high surface rune-off, and erode freely unless nrotected.

2. Mineral resources of the Tennsssee Valley and adjacent region.

There are about 36 minerals in the region which occur in sufficient gquan-
tities as to De listed as possible sources of commerciad ores ete.

The most important minerals ars: High-volatility bituminous coal (mostly in
Cumberland Plateau west of the Tennessee valley); iron ores (in Tennessee valley);
zinc and lead ores {(Tennessee valley); high-calecium limestones and dolomites
{throughout valley); refractory rocks; marble {(many places in valley); slate;
high-grade clay; kaolin {(in valley); phosvhate rock; granite; copper ores (mainly
sulphates).

The abundance of cheap electrical nower in thes valley make the valley very
important aw a manufacturing area because of the wealth of minerals readily
available.

3. Tennessee Valley Authority.

"he more general nurnoses of the Luthority are (1) to aromcte the naticnal -
defense, (2) to further the nroper use, conservation, and develonment of the
Temnessee river area and of related adjoining territory, (3) to further agricul-
tural apd industrial development, an{ tc wromote the economic and social well



page 2.

being of the people ef that region. The methods for bringing about these results
are: (1) the maximuxi development of the Teunnessee River for navigation, consis-
tent with floed control, and generatioh of electrical nower, (2) experiments in
developing of cheaper and better fertilizers, (3) promotion of the proper use

of marginal lands, (4) development of proper methods of reforestation,and (5)
fostering of orderly physical, economic, and social development."

4, Fertilizer nrogram of T. V. A.

The T.V.A. earries on studies, experiments, and demonstrations in an effort
to lower fertiliger costs for the farm-lands of the nation.

"Phosphorous is the backivone of civilization." So T.V.A. has experimented
and has produced in commergisl quantitices good Phosphorus-fertilizers cheaply,
first "superphosphate® ("triple-sunernhosnhate"), and a new, cheaper, better,
and more concentrated fertilizer, "lietaphos” (caleiwi metaphosphate), tvhich was
developed entirely by T.V.A. Processes Tor producing these fertilizers have
already been worked out into practical formn.

By means of the "metamhos" :rocess, with nlenty of electric power, it may
be feasible to utilize the great deposits of phosphate rock of Iisho and the
adjojning 3tates.

The T.V.A. supervises cooperative tests on nractical farms. About 755,000
acres had veen treated up to June, 1937.

An immortant feature of the wideshread »rogram for conserving Anerican soil
is the detailed soil survey.

"The authority regards the develonment of a concentrated plant-focd which
can be made accessible in abundance on the land, tozether with its effective
use in a permanent system of agriculture as one of the greatest comtributions it
can make toward the security and stability of the nation.”

5. The National Defense.

The productign of elemental phosphoras is also of value to the national
defense. ,

The T.V.A. carries on chemical research and experimentation at Iuscle-sheals.
The »lants at Muscle-shoals could also, in time of war, produce calcium carbide,
produce electric steels and certain ferro-alloys, or manufacture abrasives and
refractories (used in making war materials).

Part of plants nrepared to nroduce gmmonia and Nitrogen.

6. Unified Plan for Develonment of Tennessee River,

Involves a single integrated »lan for a river basin of more than 40,000
square miles. DPlan involves navigation, flood-control, and power-production.

The plan involves the building of 7 "high-type' dams, of vhich 2 are com-
pleted, and work in progress on 3 others, all on Tennessee River proper.

Vhen completed the river will be one of the groatest stretches in the world
of inland navigable waters (with Ohio and Lississippi river connections).

7. Ceramics Research.

The T.V.A. has nroved that there are in the Tonnessee Valley imriemse reserves
of primary kaolin of very excejtional quality. The authoritv has demonstrated
the practability of manufacturing all grades of ceramic vhiteware, particularly
high-grade dinnerware, which is now entirely imvorted. The Authority has also
demonstrated the nractibility of eslectric firing of whitewares.
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8. liscellaneous Projects.

a. Land use surveys.

b. Forestry.

¢. Lgriculture (soil-erosion control, terracinsg deionstrations, etc.)
d. Zlectricity research, and nover develou:aent and distribution.

e. DTconomic and governrient studies.

. Malaria control.

g. Planning and demonstration service. {several tvves).

L. Brewer



THE CUMBERLAND PLATZAU

The surface of the Cumberland Tlateau is not due %o the
outcropping of one single resistant, horizontal layer so char-
acteristic of many plateau regions. The general plateau surface
truncates various beds of soft and hard rocks. The genernl
plateau surface is much more nearly horizontal than the beds
upon which it has been doveclopod,

The Southern portion of the Anpalachian platsaus consists
of Cumberland Pluateau, Valden Plateau, Lookout Mountain and
Highland Rem, representing poertions of an uplifted peneplain

A

now in process of eroasion. This rereplain wos produced in
Cretaceous,

During the uplift, anticlinal folds doveloped with broad
synclinal valleys betwoon. The projection of the cnticlincs
above the pencplain resulted in their orosion, exposing softer
beds. Erosion has subscquently tronsformed carlior synclincl
valleys into the mountains ang slatoaus of today. The anti-
clines now being roduced to vatleys,.

Sequatchic v:lley which senaratos Wolden Plateau on tho
southoast from Cumbcrlend Platcau on the northwest is one of
the antielinal valloys montion.d abovu.  The Sequatchic valley
which parnllols the Appalachian velley is ovur 100 miles long
and is probably an outlying anticlinal fold of the Appalachian
SyS‘me.

Waldon Platenu is & synclinal structurc. The Tennussocc
River occupics & southwestern cxtension of the Scquatchic anti-
cline and it togother with the Scequatehic River marks the ocastorn
and southern borders of the Cumborlangd Plateau. The strata
making up the Cumboeriand Ploteau Gip gontly toward the southe
cast about 20-30 fuot per mils,

Cumberland Platonu ond Walden Plate-u wore not perfectly
peneoplaned before being uplifted. Along the westorn edgo of
Walden Plateau ocnd the eastern edie of Cumberlaond Plateou arc
a large rumber of residucls, isolated knobs or mesas rising from
100 feet to 400 foet above tho gencral level., Theso residuals
may be composod of rusistunt metorial such &s saudstono or
massive conglomerato but morc often aro composed of soft sand-
stones and shales,



Following the uplift of the Cretaceous peneplain was a period of pro-
longed stability enabling erosion to develop a partial peneplain at a level
of 500 feet to 1000 feet below the Cretaceous., The peneplanation during
early Tertiary (Eocene) was in soft rocks and was so incomplete as to leave
massive residuals of the Cretuceous pexoplain, This Eocene peneplain
is called the Highland Rim peneplain and the so called Highland Rim se-
parating Cumberland Flateau from the Nashville Basin to the west is the
best prdserved porition.

The elevation of the Fighland Rim peneplain is at about 1000 feet
west of the Cumberland Flateau. The Curberland Plateau rises from about
an elevation of 1700 - 1800 feet on the south to 1900 - 200feet on the
north. It is limited by a steep escarpment from 1100 - 1500 feet high
on the cast and about 1000 feet high on the west.

On the west and south borders of ihe Cumberland Plateau many long
spurs and knobs project out over the surface of the Highland Rim. Thesec
"coves" or "gulfs" are from 800 - 1000 fe.t deepe. The upper hand sand-
stonc and conglomcrate layers present an almost verticcel cliff which makes
a natural boundary for tho pluteau. The underlying softer limostonc and
shales ure easily sapped and eroded thus the border scarps are preserved.

The coves on the western side are much broader than those on the south-
ern and eastern borders. Due to the southerly and casterly tilting during
uplift, the ocastern and southern streaws having a steeper gradient were ablo
to down cut faster and erode headward at a greator rate thus developing
long marrow canyofis 800 - 1000 fcot dcer which in some nlaces have nearly
cut across the cantire plateau,.



Cumberland Plateau
I. Appalachian Flateaus
A. Appalachian Mbts. often called Allegheny Mts. im north and
Cumberland Mts. In south, but in rsality should be called
plateaus.
B. General Characters,
1. Characterized by horizontal attitude of rocks.
2. But stre.m dissection has changed "aspsct".
a. K. Y. -bolid Allerpheny escsrpment,

be Peni. (West)-rug en by dissection, so-culled "Allegheny
Mts."”

ce Allegheny Front in south equals Cumberland escurpnent,
clear to Alabama.

d. Uest Virgicia- dissected by Ohie tributaries - up fo
1000 feet in devth.

e. Cumberland Plateau equals more flat highland plus some
valleys and mescs {Valden Rideme)

£o In west is "Highland Rimv,
IT. Location, Areas, Bouudaries, etc.

A. Cumberland Plate.u equals lower portion of all the Appalachian
Plateaus. It is a highly dissccted plateau of moderate to
strong relier in the stage of early maturity.

B. Location.

1. Starts south of Diruicgbhan, Ala., then through Alabana,
Tenressee, Kentucky and also a coruer of Georgis up to unear

Lexington, ian.

2. In west egqueis rdshland Rum;
On east equals Aliecheny Frunt {Cumberland Tscarpment) which

T

faces into vallevs of Mewer ippalachisn iits.
I11T. Formation,
A. TFilling of old :ippalachisn ¥roushs.
B. During Peunsylvanian age thers was muich folding yielding
anticlines and then higher anticlinzs wore eroded exposing

softer shales,

C. On the uplift of Cretacccus, softsr beds were eroded greatly
causing mich disssction urd o partial peneplaination.



Iv.

Y.

1. Soft heart of anticlines then beeame valleys and old
syncllﬂcs became ridzoes..

2. Peneplaination so incomplete that it left about 10% of old
Cretaceous above the ssrly Tertiary level of the partial
peneplain.

General structure.

A. Strata not level as one might judse on firss inspection.

B. 3tratz dip westward at a stesp angle for only a few rods - then
sensibly flatten ocut and then will dip for a few rods, etc.

C. Gomeral ¢ip is 20-30 feet per :ile to the southwest.

D. Looks as though strats were lovel due o the partial
peneplaination, but they are really not.

F. Some former sinclinus are ¥Wilden Tlatesu, Lookout Mts, and
gand Mt.; former anticlines arc Sequatchic Valluys and Wells
Vull(‘zyo

Proscrvation and dissoetion.

A. Base loevel surface due to &
urfs

sandstonce and conglomuratoe

B. Less e lcarcous and thicker rock strata towara southcast so,
wouthering and disssction is very much lese than on morthern
gdges of districte.

C. Rough irrezular bordurs dus bto supping of softer shales
underncath the bard surface, cuusing large nassas of surface

to broak uway loaving sharp, irrcegular oodge: .
S0ils.
A. Plateau eovered sith thin, poor soils.

B. Bolow soil :guals c2m rock of hard sundstoncs and conglomoratoe
interbedcocd with shales.

¢. B.neath thesc arc seft limcstone and shales vhich arc casily
orodaed by "sappineg® and causing steupncss of border clifts
tiie sharp lime of delins.tion botwe.rn Cuuberland Plateau
and (1) Appalachiunn Valley and (2) tane Highland Rim.

D. 3Scme ouberops of Nuvmar limesionu o wost margin which has a
more foertilc soil.

]

. Little timber cn sumnits and remmonts, but some in hollows and
21covGs.



Vii. Lew.ls of Cumberland Plateau.

-A.

B.

Coa

e

™.
nesc

Summit is about 2000 ft. onr east side near town of Monterey.
West edge equals 1000 ft. (near Highland Rim) - a rugged,
dissected, slopping country in between.

Kanawha River gorge (not exactly on C.mberland) is 1000 ft.
below plateau surface

Or west are great spurs (products) of circumdenudation) out over
Highland Rim - ¥Beticen s»hurs are great gorges 800-1000 ft.

doep called the Touldfs

Residuals abovs lain in form of knobs or mesas 100-300 ft.
nigh are found on western border. Thuy are couposed of a
somstimes sof't sandsione capped with a harder conglomerate,

VUITCEE,

i -

Upper strat. ave oulbe generslly interbedded with 5itwninous coal.

This coal is mined on valloey sides as “lovel® minos in contrast
to the dos; Adthracite mincs of Ponnsylvania.

Cuattancoga, Hunxville, and DBirmincham, although on cdge of coal
Ticlds of platzau, owe thelr existance to the presence of this
large coal acen.

Al co T Iﬂntucky, but it is in such 2 remote and inaccessible
terr %0? at the coal is undevelcped.

ﬁ s

1X. Clties, ete.

Country is very rugead and affords very poor transportation.

It is south of glacial belt so no widening of valleys by zlaciation
and simply deep gorges are the result. These decep gorges do not
leave any places Por large cities even if good transportation

was possiblcs Honcoe all thae eitics are locutud on cdge of plateau.

-
L

Result is thie sc talled Kentucky MHountaine:r or "hillbilly«.
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PHYSIOGRAPHIC DIAGRAM AND GEOLOGICAL SeEcCTION oF KeENTU C WKy, (e 2
"} Show on the diagram the position of the geological section. It will not be
a straight line. Color similarly "both the section and the map.

2. What physiographic provinces are represented in Kentucky ?

3. How many coal fieclds occur in Kentucky 2 What is thair sfructure?

4. Is there any relation between the Nashville Basin and the Blue Grass Region?
5. What physiographic form is represented by the BrReaks in western Kentucky?
©. What part of Kenfucky is sometimes known as the INTERIOR Low PLATEAUS ?

B BrLoex DiasraAmM oF PART
" oF EASTERN KENTUCKY.
1. 1s this a part of the

Platecau or of the Folded belt?
2. What 1s the structure

of the reqion east of Pine Mt?
3. Why do Black Mt. and

Little Black Mt come ’rogd‘hzr?
4 What is the explanation
for Pine Mt ? Do you sce
any connection or relation
between Pine Mt and
Sequatchie Valley , Tennessee?
S.When did the faulting
occur, which produced Pine
Mt? s this meuntain due to
Fau\’fing alone 7 <g:‘;";;;<:§;f;;.?;;3:w|e,

Sons,tnc)
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I.

Extent.

3.

From nortneact isoissipoian and nortivent Alabsma to northeac

Indiana, northwest Ouio, into southeast wic.igun.

II.

II1.

IVQ

slope

VI.

Formation.

Goo

b.

Ca

Forited in cone of the errib's sarinking opells-Taconic Kevolution
during the letter pertiou of Oivovician neriod.

Sediment. laid down by sess cauced diffsrential subsidence.

Remained above waters durin; Trenton Stape when our country suffered
most extensive subsierica & evsr lnown,

Rocks:

e

b.

kocks found in the cil ficlae on the Cincinnati arch belong to th
older periods of tne Polevzoic.

Rocks preseat a difficidt problem for correlation because the s.di-
ments wary so muci: on eituer siace of tihe arch.

c. Erocion is greatest sround Cincinnati thereexposing tiie oldest rocks.
Structure:

Strate become taicker as they attain 2 grester uistance down dip
g from tue axis oi *ue arca.

Lima~Indiansa 01l anu Gao Daistrict:

[S3

b.

C.

On the brosd arco of northern extension of the Cincimnati Arch.
Domcs superposed on arch-instrumental in trapping the oil-Findley
and Bowling Green.

Arch is undoubtedly t..e cause of = grewt deal of o.l wigration from
the part of the basin in centrol snd northern Indianz.

Tennessee !

a.

b.

Not wmuch oil excent in the norti centrol psrt of the state on the
eastern Tlank of the arcrn, stowing a continustion from the fields
in Kentucky.

Rocks at tne curfzce in Tonnesvee are Mississisplan in age.

Kentucky:

.

b.

Great oil prospect neen for Adolfus Field in Sumner County in
Kenbucky on the western flonk of arch.
Hign point of arxci in Jecsenine County.



VIII. Cumberland baddle:
a. Between Nashville and the Cincinnati Dome, thnere is a szadle or
structurzl "low" whicn lies in Southern Kentucky.
b. Wayne 2nd cCre-xry Counties — E. puri of saddle.
Allen, Barren, and Warren countic: - W. oort of saddle.

;e Cemter/and
fﬁw~M), / // Sadd/e

; "\ !’ 4 _g
' s

e U, ”}4 o 4 e
IV!' /N,;Lﬂ ;i(feb(l

Y A A S—

Cincinnati Aren Province sutlines wn broken 1inz.0il and
Gas Producing fields in shaded arcéec.,

o e s < TP



BLUT GRASS REGION CF KEHTUCKY

The State of Kcntucky is divided into O major rogions:
1. TEastern Kentucky.
2. Contral hentucky, or the Bluc Grass Rcgion.
3. lMississippian Plateuu.
4. Vestern Coul Fioclds,
5, Jackson Purchasoc.

39 countiss contained in the Blus Grass Reegion, lacking one of boing the total
number of countics in tho Stubte. Includes thosc couantics affcected by the Cin-
cinnati arch, and is bordurced by the surrounding knob countics and the Ohio
River.

I. Inner Bluc Grass Region- that area drazined by the the Kemtueky River, also
the area drained by the South fork of the Licking River. Its fertility
is due to the phosphates liberated by the highly fossiliferous limestones.

A. Outcroppings that characterize Iuner Blue Grass.
a., Lexingbon limestone characteristic around Lexingtou.
b. Cynthiana limestone in centr:l part of region.
{both Ordovician in age}

B. Outcroppiugs of Outer Blue Grass.

a. High Bridge- a series of limestones directly below the Lexington
beds, Exposed in Woodford and Mencer counties. Ordovician in age.

b. Fairmont and Bellview limestones eiposed around Newport and Cov-
ington. Oedovician in age.

c. A series of blue shales, limecstones aud some thin calcareous
samdstonas forn & major part of the outer Bluegrass regiomn. They
outecron along the Cumberland River near the southern extont of
the region. Ordevician in ags.

d. Silurian - Clintolr limostone - a sandy magnesium limestone now
¢:11ed the Brassfield. Typical exposure in lMadisom county.

Knob countics ~ ouber boundaries of the Tlus russ Region, consist of "knobs"
or hills of cxposcd shal..

i. Waverly shsles of dMississippian age ocuteropping from Vaunceburg to
L.ouisville,

2. .Chattancoga or black shule, oubcronping along the ZI.stern border of
the Bluc Gruss Region - Devonian.

3. Siluri.n shales sich os the Estill and Lulbugnud suries on the cast
border of tho Giue Grass.

4, Dovonian shales of the Chie forruition are also found.

Tae Enobs have their strongest formmtion on $hic #ast and West borders
and tend to fadc out in the middic.




BENTONITE

Bentonite is a wvolcanie ash, greenish in color, which contains feldspar and
sther minerals, chiefly leverrierite along with a little quartz, apatite, 2ircon
and colorless mica.

Approximately sixty-six cubic miles of this ash were erupted, during middle
Ordovician times, from a volcan® wiich was situated in the Lowville Sea, about
£ifty or seventy-five miles from the shore, at a nosition vhiech at present would
be near High Bridge, Kentycky. The most of the ash was denosited on the shallow
Lowville Sea and from there it settled and rested on the Lowville limestone. It
is known to have been laid dowm in a sea by the method of its devosition. At the
top of the bentonite there is a layer of calcium carbonate; below this there is a
layer of bentonite with calcium carbonate extending through it in nearly vertical
lines. Below this is a layer of yellowish, sandy bentonite containing rounded
grains of quartz, biotite, mica and feldshar. The presence of the sand resulted
either from a change of direction of the prevailing winds or an ingrease in their
intensity. The next and bottom layer is sne of deep green bentonite.

The extent of this bentonite is very great. It is supposed that originally
the area covered by this volcanic agh extended from just south of Lake Zrie, on
the north, to the Gulf of liexico on the south and from Missouri and Arkansas on
the west to Viest Virginia and North Carolina on the east. At present, although
there are no indications of tie deposit extending further north than southern
Ohio; or further west than Franklin, Kentucky; or further south than Birmingham,
Alabama, there is every »nossibility of its extending beyond these limits. To
the east, however, it is known not to extend further than Dayton, Tennessee. The
bentonite which had been deposited there was eroded away after an uplift, and now
rests eighteen feet above the original denosits (at High Bridge, Kentucky) at the
base of the Cardsville Formation and the top of the LeRoy.

The area through which we shall travel will have an outerop of bentonite at
®lk Lick Falls near Lexington, Kentucky. Other areas where this bentonite has
been found are:

- = = 24 inches thick

]
4
3
1
L]
i
{
1

Singelton, Tennessee -

Birmingham, Alabama- = = = = = = = = -~ ~ 14~19 1 3
Pikeville, Tennesses = = = =~ = « = = = = 26 W )
Pickett Col, Tennessse = ~ = « = = = = ~ 48 i "
High Bridge, Kentucky- =« = = = = =« = = » av. 60 a W

max. 10 fest "
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ITINCRARY-~CINCINNATL, OHIO TC LAUSING, MICIIGAN--U.3.-127

Glaciated Topography

QhiQm=

From glacial boundary about 5 miles south of 0:io River at Cincinnati to HARTVILL
MORAIINE -bout 5 miles sout: of HAMILTON, travel across ILLINOISAN IRIFT.
This fer8ine is the true terminal moraine of ZATRLY WISCONSIN ICE.

Cross BEARLY U ISCONSIN DRIPT %o CAMDIN. Here find the OUTER MORAINE; which with
the MIDDLE MORAINZ at BATON, and the INNTR lORAINZ &t a point about 21 miles
north of Zaton marks the outer border of LATT "ISCONSIN DRIFT. These moraines
are associated with the MAIN 14T 1OBE.

Then follows a series of three moraines which are associated with the activities
of the MAIN MIAMI LOBZ and correlate more or less with the BLOOMFIZLD
MORAINIC SYT 3! to the west in Indiana.

A few miles north of GRTINVILLZ is a small fragnent of moraine which extends from
near Anna, 0o, south and westward through Union City and to near Dunkirk,
Indiana. This moraine is called the UNION CITY IVORAINT and has no counter-
part in ilichigan.

% MISSISIINATA MORAINTD is crossed at 8 point slightly to the north of VIRSAILLES
on U.8.-127. This moraine controls the course of the }Mississinawa River in
Indiana and can be traced into the Irish Hills region to the south of Jackson
in Michigan.

.
T e lrravm ao
A QDR Y s SR G R P A R tb

LA e
mmer 5 lanonie River.

4 mile to the north of CIELINA the highway crosses the

TIABATII FIORAINI hich in its course trends more or less narallel to the Fort ii.yne
moraine. The course of the unper nortion of the 7 bash River which liss to
the south is under control of the moraine.

About 3 miles north of MIRCIER cn U.3.-1737, in the latitude of IPTINCERVILLE cross
the FORT UAYNT MORAINIC SY3T@M. This mworainic at Fort Jayne, formed the
barrier which was resnonsible for the initiation of early Lake Maumese. It
can be traced for a considerable distance into liichigan and fomms the high
hilly country in Ann Arbor. 3St. Mary's River, which flows along the south
or outer edge of the moraine, was fomed as a border drainage way at the time
that the ice front rested on the Fort “‘ayne moralne.

At VAN WERT, find location of outer horder and highest shore of LAIIZ IAUMEZEE.

Four miles north of Haviland cross beach of LA "HITILTYTY at 770 feet. This



page 2.

lake was formed by the withdrawal of the ice in the Zrie basin and a lowering
of the water level. The discharge of “hittlesey was throush the Ubly outlet
in the Thumb region.

Traverse the Thittlesey lake plain for a distance of 25 miles., A%t 12 miles north
of Sherviocod c¢ross the beach of LAKE VHITTLESZY and come on to the bed of

From BRYAN to WIST UNITY to FAY.TTZ the mead follows along the lMaumee lake bed
just inside the highest shoras.

At FAYTTTS cross the LAY HAUMTT beach vhich stands at an altitude of 300 feet or
20 feet higher than the o0ld outlet (780) past Fort Wayne into the tabash
River. This beach correlates uith the aliitude of the sand bar on Zummit
street in Ypsilanti, the highest of the llaumee shores in Michigan.

I CHI GANww
Cross till plain to HUDION. Come upon WABASI 110RAINI. Thence across till plain to

MISTIS3INATA LIORATNE «t fuaker. The highway from this point to SCITRSIT CONTTR, &
distance ef about 10 miles, traverses the interlobate morainic area which
includes the junction of the MAIN LIUR OF THT KALAMAZOO MORAINIC 3Y3T of
the Saginaw lobe and the MIS3ISSINAUA 1IORAINIC SYST'1: ~hich represents the
outer feature of the Lake iirie lobe.

Thence over a till nlain and across a fairly level, gravelly border drainage plain
which was fomed by melt waters issuing out from the ice front as it stood
on the inner limit of the IALAMAZOO LORAINE.

At JACKSON come unon the inner limb of the IALAMAZCO MORAINIC 5Y37I( at the junc-
n Eri be

tion of the Sagil
Again over a till »nlain to a few miles south of
RIVES JUNCTION, thence across a few outliers of the IIALAMAZCO MORAINT to LISLIE.
Fnence over a broad till plain to

TDEN, eross a narrow nortion of the CHARLOTI. I 0AAIVIC SY9T 3, likewise associated
with the Saginaw lobe., At this point the moraine is anproximately a mile
wids.

Then from MASON to HOLT on till jplain. Cross tie 1AZ0N E3KER at numerous places
along the main road. Note the course trend of the feature and compare its
composition with that of the till »nlain. At the time that this esker was
being formed the ice was laying ravher stagnant over the area which is now
occupied by the associated $ill nlain. Are there any evidences to surport
the theory that the esker was fomed in an ice re-entrant by the building up
of a succession of kames as the front melted back?

Thence across a till »nlain of rather level feafure. No appreciable change in
composition, to SOUTH LANIING. Cross the LAITSING i ORAIN: associated with the
Saginaw lobe. Low rolling topogranhy - relief moderate - not delfinitely
ridged - Moraine approximately two miles wide.



Illinuian Glacial Dvift

During the Tertieary, the Qhio kiver did not exist as a separate stream.
Its present channel was occuppied by a series of disconnected water courses,
Many of the streams of West Virginia, Zastern Xentucky flowed Northward across
Ohioc, using the drainage channels now occunvied by streams flowing in the
opposite directions.

At the bvegil:ning of the Pleisocenc repested glaciation was initiated.
Ohio i'as at that tise covered in large part by an ice sheet which moved from
the northeast at a sharp angle to the hio divide. This leveled the State
a great deal.

Its effe. ct ou moviag Southward was to pond the waters of the northward
flowing streums, which were thus mads to find new outlets. Thus the drainage
system, which found its outlet in the chainel now cocupied by the Greut Lakes
vecame reversed, Thnu Ohio River began its oxistence with the advent of the

ice age.

Ohio has has soeveral invasions of ice Jduring the plicstoconc. Tts drift
border or glacial boundary is a compositc of four out of six irwvasiols TSCOg-
nized in America.

They ars in order:

1. DNebraskan - Jersevan

Aftonian
2., FKansan

Yarmouth
3. Illinocian

Sanzamon
4, lowan

Peorian
5. WVisconsin ITarly and lato.

The Illimoian glacial drift appoars to bo tho most cxtensive drift shoot
of the Habradar icc field. It is thought to sutond to ti:e glacial Poundary
in Maryland as well as in neighboring parts of Ohio, Kontucky, and Illinois,
Its periphical portion is vory comploer and isg not fully understood.

The Sanzamon intzrglacial stage vwas a intorval of seil forming and
backing on the surface of the Illincian drift prior tc the deposition of the
overlying loss. In Ohio blacksned clay and loam are found buried beneath more
recent drift.beds of unusual thickness. 7The buried counties near Cincinati
contain, leaves, branches, and trunks o7 trees and constitute, therefore, an
ancient surface cf land, a surfacs witich was converted into soil, covered by for-
ests, and tenanted by animal life. The surfrce of Southwestern Ohio is rougher
owing to the rougher itgpography whicit the glacier encountered.



ACTIVITI]

In traveling rnorth from Cincinmati vs

recesgion of Zrie lobe (Wisconsin
moraines.

i3 OF

ZRIT ICE LOBE Il COHIO

stage).

Fron Cincinnati northvard they are as follows:

We cross

About 13 mi. N.
of Cincinnati
Inner border

l-Hartwell

3-Middle at Eaton

Immer border

Border drainage

cross 9 morainic ridges,
None is as high in relief as Michigan

Avtg. height

marking

Composition

Indian Cresk 30 ft.

Darlk loamy till
gravel

- gently swelling till plain.

Seven Mile Cr. 20-30 ft.

as above; few
boulders

~ gravel terraces; till plain

as above; meny
boulders
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4 or Smi. N. of
Castine
Inner border

4-Triner

- o

5-Union

1 mi. north of
Greenville
Inner border
6-Missigsinawa at Brock

Inner border

Seven Mile Cr. 20-30 ft.
- ti1l plain
Twin Cresk 15-25 ft.
- till »nlain
Greenviile Cr. 15-30 ft.

Stillwater Riv.
- smoocth till plain

Stillwater R.
Missigsinawa R.
- poorly drained till.

very low

- flat +ill plain, deep black

as above; few
boulders

v o s o s o S Sy U - AT i T A e e o i s W S0P U e U Y R B S R S g D b W W Ao B U U . A T A O e S U S W e - i i s e

Till-clay.
called "clay belt”

till, gravel,
boulders.
silt.
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7-3alamonl s at 3t. Henry
Inner border
S-ilabash at Celina
Irner border
g-Ft. Wayne 3=4 mi. north of
Mercer

Inner border

Defiance lMoraine -- c¢rescent
Lake Maumee. Ve do not cross it.

WJabash R. 3540 £t.
- l8vel plain
St. Harys R. 20-30 ft.

Till-thin clay
called "white oak
ridge"

clay, pebbles,
small boulders

- very gently sloping till plsin.

shaped; was southern boundary of ice during Farly
Lies to esastward st Defiance.

Beaches of Tarly and Late Lake Maumee and Lake Whittlesey:

1.
2-
3.

Cross hittlesey beach. (South

Cross 2nd or Late Maumee beach
Yhittlesey.)

4.

5. Cross both lst and 2nd beaches

Cross both Maumee beaches at Van lert.

side of lake)
in Bryan.

at Pulaski.

(South side of lake)
(North side of lake; n. side of Lake

Cross lst or Zarly Maumee beach 1 mile North of Bryan (north side of lake)

——=Nornan Smith



MORAINES SOUTH OF LANSING

The moraines in southern #iichigan were formed by three lobes of the Labrador ice
sheet; the Lake Michigan lobe on the west, the Seginaw lobe in the central part, and
the Huron-Erie lobe on the east. While the other two lobes still occupied Indiana,
there was a rapid recession of the Saginaw lobe leaving roughly east and west trend-
ing moraines. The later recession of the Lake Michigan ond Huron-Erie lobes left nort
and south trending moraines. .Going north om route:127, the following:

1. Wabash moraine:

Formed by Huron-Erie lobe. Follows course of Wabash river and comes up thru
Waldron, Prattville, and Hudson in Michigan and is overl apped by the
Mississinawa moraine in northwestern Lenawee County. Crosses route 127
at Hudson.

Topography:
Outer border relief from 20 to 50 feet. Average width from 2 to 4 miles.
Swell and sag topography.

Structure:
Claysy till with few boulders.

2. Mississinawa moraine:

Formed by Huron-Erie lobe. Connects with Kalamazoo system of the Saginaw lobe
in northeastern. Hillsdale County. Runs across route 127 just south of
Somerset for abont eight miles to the south,

Topography:

Swell and sag, with some sharp knolls and a few basins. Outer border relief
from 20 to 75 feet.

Structure:

Clayey tiil with very few boulders width 5 to 6 miles.

Outwash:

Stiff, clayey till.

3. Kalamazoo gystem:

Formed by Saginaw lobe. Connects with Kalamazoo system of Lake Hichigan lobe
in central Barry County and goes across Calhoun and Jackson counties, and
connects with the iiississinawa morzine in Jackson and Washtenaw Counties.

It crosses route 127 at Jackson.

Topography:

Knob and basin type, the knobs standing 50 to 100 feet above basins. Relief
above surrounding cowntry from 100 to 150 feet at Jackson.

Structure:

Composed of sandy material, with many boulders. Thickness from 50 to 150 feet

Inner border:

Narrow strips of plain less than 10 miles wide.

4. Rives Esker Chain:

Formed by subglacial stream under Saginaw lohe. Runs from south border of
Charlotte morainic system almost to Jackson, for a length of 16 miles.

Topography:

From 5 to 50 feet high in a swempy depression about 1/4 mile wide.
Structure:

Stratified, asorted material.
Qutwash:

Outwash aprons with many basins 50 to 60 feet deep formed by masses of
stagnant ice.



5. Charlotte morainic system:
Formed by Saginaw lobe. Connects with Valparaiso system of the Lake
Michigan lobe near Grand Rapids and goes across Barry, Eaton, Ingham,
Livingston, and Oakland counties and connects with the Wabagh and Fort

Wayne moraines of the Huron-frie lobe. Crosses route 127 a few miles
south of Mason.

Topography:

Swell and sag with many separate knolls from 10 to 75 feet high. Relief
of moraine very slight.

Structure:

Veriable material - sand, till, clay, and gravel, with a thickness of
from 40 to 75 feet.
Inner border:

Very smooth till-plain, with a few eskers and knolls.,

6. Lansing moraine:

Southernmost moraine of the West Branch system of the Saginaw lobe. Runs

from northern Ionia county across northern Eaton and Ingham counties,
past Lansing on the south and goes as far east as Okemos.

Topography:
Slender but distinct. From 10 to 20 feet high.
Structure:

Composed of till, weathering to z reddish-brown soil.

J. J. Spencer.
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