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GEOLOGY 189
GEOMORPHOLOGY

Supplements, 1953, part II
Pediplanation vs peneplanation,

Introduction., Although the subject of final stages in denudation by run-
ning water has been covered in previous supplements, data which has appeared
in the past year offer further food for though on this extremely important
problem. Before beginning a discussion, however, it is well to repeat that
the definition of the word popeplain (peneplane of Johnson) is far from uni-
form among students of geomorphology. This makes it extremely difficult to
argue about either processes or end results. Let us here return to the ori-
ginnl ideas and neglect later attempts to change the definition to one which
is so broad as to be almost meaningless.

"Normal climate" One of the often unwritten but necessary conditions
for the origin of a peneplain (under the original meaning) is the so-called
"normal climate", in other words a climate similar to that of northeastern
North America and northwestern Europe where temperatures are moderate, rain-
fall well distributed seasonally, vegetation abundant, and chemical decom—
position of the material of the earth's surface well developed. True, this
climte is that in which a very large part of the civilized inhabitants of
the world dwell, but from the areal standpoint it is certainly not that of
the main portion of the present lands., We must look at a globe and not at a
Mercator projection map to form an intelligent opinion on this point. Besides
this fact, we must recognize the strong possibility that the present distri-
bution of climates was not a permanent feature during the history of the earth.
Evidence to prove this is not easy to obtain and rests largely upon inference,
Soil profilca are not much help for many are not more than a few thousand years
old., Marine deposits offer even less aild except insofar as they demonstrate
wind and current directions. Hence we must turn to continental deposits and
evaporites, With them the influence of now-eroded mountain chains must be
evaluated, Besides this, many geologists offer the time~honored excuse of
movement of either or both poles and continents, Whatever might be the cor-
rect conclusion on this debatable subject for the older geological periods,
considerable evidence has been presented to demonstrate that the hypothesis
of changes in latitude must be rejected for the Tertiary and Quaternmary., Dis-
tribution of plants and of glaciation substantiate this. The occurence of
glaciation alone proves that ¢limatic changes of the first magnitude took
place at that time. The later Tertiary is notable for the immense alluvial
deposits of Western United States which must have been laid down under a de-
cidely different climate than now prevails in the same place. It has often
been suggested with considerable assurance than the present-day wind and cli-
matic belts still show the effects of the Pleistocene glaciation because of sur-
viving : iceci.ps. Such being the case 1t is best to forget about such a thing
as a "normal" climate and to realize that much more of the globe may have once
been semi-arid. We should then reject the idea that either aridity or semi-
aridity is a "climatic accident®,

Glimetic control of debris removal. Fig. 1 shows cross. sections of slopes
in arid, semi-arid, humid, and sub-arctic climates. All but the last have in
common the presence of enough rain to remove more or less completely the debris
formed by weathering. In the truly arid environment weathering 1s almost
wholly mechanical, Whdn it does rain the water is not enough in amount or dur-
ation of flow to remove the debris cf weathering from the area but instead it
accurmlates in alluvial fans and filling of enclosed basins. Both chemical
changes and restraint by vegetation are at a minirum, Resistant crusts of chem~
ical origin are formed, In a semi-arid region some chemical weathering is pre-




v o ARID

~. %7 | SEMIARID

HUMID

PERMAFROST

e S
e @ soaw ¢ /o~

Cross sections of valleys in different climates
FIG. 1

sent but vegetation is not important. Enough reinfall occurs to keep the debris
shed from steep slopes moving toward the sea or other base level, Much debris
is water—born, the only proviso being that the particle size distribution de
within the competence of rumning water. In a humid land, however, chemical
alteration of the bed rock is very important., Although the average particle silgze
is thus reduced, the presence of vegetation slows down removal, Mass movement
is, however, very important. Slow erosion is especially conspicious where grass
is present for all experiments demonstrate that 1t is by all means the most
effective of all vegetation in restraining erosion. In a region of perpetually
frozen ground the net result is to make all bed rocks and mantle rock alike into
& solid, massive material. The seasonally thawed or "active" layer of the hills
is moved in large part by mass movement to the streams.,

Changes -in climate. Due to the indubitable fact that climates change at any
given locality it is expectable that we should find the characteristic climatic
landscapes superimposed one upon another. Many kelieve that adjacent to the
Pleistocene ice sheets vast areas were once frozen. Consideration of the heat
requirements for melting of ice show that such could have been possible only
during the advancing stages of the glaciers, if indeed it ever affected areas of
marine climate. However, changes in amount of rainfall and vegetation can be and
have been detected. Pluvial periods with more rain than at present have been
postulated by many geologists in areas which are now semi-arid, Students of soils
have also noted past climatic changes, particularly near to major lines of
division due to climatic control. In this discussion, however, we will mainly
cencern ourselves with the later stages of erosion, the production of surfaces
of low relief late in the progress of erosion.
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Tdyvis! idea of fhe peneplain, TFig. 2 shows two contrasted theories of the
retreat of slopes. W, M, Davis held that the slopes on the sides of a stream

hod -~
FIG, 2 Two ideas on slope retreat
constantly diminish in angle threughout the "eycle of erosion”. Little attention
was paid to details of just how material was removed from low slepes and less to
the conclusion that a balance must ultimately he attained between the force
available to remove material and the resistance of that material to erosion.
Fig. 3 shows the original concept of the peneplain where it was concluded that
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FIG. 3 The peneplain concept of W. M. Davis, Note survival of the ridge on
hard sandstone, the thick layer of mantle rock and the wide floodplain. The last
is what apparently led some of the later students to include depositional areas

with peneplains. Note convex divides with any possible concave slopes buried under
floodplain deposits.

the streams would no longer be able to remove the debris of weathering as fast as
it formed and would hence form extensive floodplains. A deep mantle of
disintegrated rock was assumed to bte present all over the area and residual
elevations or monadnocks were left only where the bed rock was particularly
obdurate to weathering and eression, ZElsewhere rounded convex divides should merge
into the falts of the floedplains. The pre~Cambrian surface of Canada and
north—central United States appears to fit fairly well with this concept,
although we must recognize that it has been buried by marine sediments and later
exhumed. There monadnocks are confined to extremely resistant materials,
quartzite, hard iron formation, and fine-grained igneous rocks, Between these,
slopes are in many places very low and divides are inconspicious. Bed rock is
disintegrated to considerable depths not only in exposed areas but also where

the cover of later rocks still persists,
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Objectiops to the peneplain hypothesis. Other than buried and resurrected
surfaces such as mentioned above, very subdued erosion topography is observable
only on soft shales and on limestones where it is greatly aided oy solution.

The whole idea that a thick mantle of weathered material would form on surfaces
of low relief ignores the head necessary to force water far below the surface.
Absence of a deep residual mentle on the pre~Cambrian is generally ascribed to
glaciation and it is true that in the 1ightly glaciated or unglaciated :
pre-Cambrian of central Wisconsin the mantle rock locally exceeds 140 feet in
thickness in schist. The prow¥lem remains, however, to what extent was this due
to chemical reaction by ground water while still buried, For that matter, how
nuch erosion was caused by the waves and currents of the sea which transgressed
this surface long ago! Other objections are of a more theoretical nature. Just
how could debris be removed on very law slopes? Monadnocks should be rounded

and grade into the ad jacent landscape save perhaps where difference in bed rock
geology is abrupt. A very serious objection lies in the apparent presence of

old subdued surfaces near together and separated by a steep escarpments, Are
these all explicable by differences in bed rock geology? Or is there something
radically wrong in the hypothesis of origin of subdued erosion surfaces? Why did
not the process that made the younger surface obliterate all thrse of older
levels? Horton held that under his hydrophysical approach there nust be "a
definite end point for both stream and valley development." This point would be
reached when the area between the streams is all within the belt of no erosion.
Indeed Horton held that "most of the observed gradation of divides takes place
before the streams which are separated by the given divide are developed—-—-in ether
words, the terrain where the divide is located is graded in advance at a time
when sheet erosion is taking place along or across the line which subsequently
becones the divide." He rejected entirely the idea that divides are graded down
indefinitely, Horton also stated "The ultimate surface of erosion within a

nain basin boundary is neither 'almost a plane, as the prefix 'pene! implies, nor
is it usually as close to being a plane as was the original surface area from
which it has been derived. It seems better to call it a 'base surface'! generzlly
concave upward except aleng divides"., Horton appears to have assuned soft
naterial to considerable depths.

Parallel retreat of siopes. The theery that slopes do not lessen with time
but retreat parallel to themselves after the initial formation was first presented
by Penck and is shown on the left side of Fig., 2., This view requires the
formation of a gently sloping surface between the foot of the steep slope and
the channel of the adjacent stream. Material derived from the wearing back of
the steeper slepes nust be transported across this area by running water, This
was the concept of the pediment, an idea also put forward by Gilbert from his
observations in the semi-arid western part of this ceuntry. Davis did at ome
time write 2 paper oa rock floors in which something of this theory was
recognized although he rejected the idea of parallel retreat of slepes.

Strahler's equilibrium thgorx, Strahler used a statistical analysis of
certain measurements in California and concluded that slopes lessen to a point

where the adjacent streams can just remove the debris shed by weathering and fed
into them by slopewash and mass novement, He found that these slopes have the
sane angle from tep to bottom. It is apparent, hewever, that the area in the
Coast Range probably represents a very early stage in the cycle of erosion,
possibly prior to stabilization of slopes in relation to kinds of rock debris,
each of which probably has a distinctive particle size distritution.
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Woad"s classification of slopes. Allan Wood's discrimination of types of
hillside slopes into the waxing iconvex) free face (outerop), constant (talus or

“gravity), and waning (concave) was summarized in an earlier supplement (Fig. L),

._-—-‘5__ﬁh§‘\\j?m1ng or convex slope

) Free face or outcrop

Constant, talus or gravity slope (rock fragments)

Waning or pediment slope

FIG® 4 Classificetion of hillside slopes after Wood.

Examples of each are found in almost all climates, although some may be absent at
any given locality. We will first consider the methods by which each is farmed
and altered.

Cenvex or waxing slope. Formation of a rounded edge or convex surfece
on hill tops is not due to one process alone., It implies a removal of material
toward lower ground at a rate which increases downshope. As pointed out by Davis
long ago a sharp angle tetween original surface and hillside, such as is fermed
early in the cycle of erosion, is vulnerable since it is attacked by the agents of
weatherirg from two sides. Once weathered, removal may occur elther by slopewash
or mass movement. Variation in intensity of rainfall causes the boundary of
Horton's "belt of no erosion" to fluctuate in position. This should result in
rounding off the cornmer. King has a similar idea for he states: "as the volume of
water increases with distance from the crest of the slope and its speed downhill
increases with the steepening declivity, there comes a stage where modification
of the surface under the action of running water exceeds the modification due to
soil creep. This is the ewnd of the waxing slope." Soll creep is favored by this
rounding off of the cormer, ly rock which weathers into » mantle which has low
viscosity when wet, and by the presence of a restraining cover of sod or other
vegetation which minimizes sheet wash, In the White River Badlands of South
Dakota it has long been noted that ganvex divides occur only on the weaker layers.

| A/LV '” 5 FIG. 5 Convex divides in White Rivhkr
i TS o, S D A._] Badlands of South Dakota from photogfhph
TS ,jﬂ- s A /‘\ o+, 'l byF.T. Thwaitess Note that these are
e il ; o i/f,:' 2 confined tc a certain soft stratum whereas
Dt S0 iy T 00, 3V the harder beds above meke the craggy
f.’:‘Cﬁ;"’ TT?T‘\%f 1 v;;_L;_;;;_;;ﬁ divides in the background. Note slso the
g i ;,1,_;;“;;_}{’3', s . very steep sides below the convex erests
;L;;ﬁ7771; 5 e & e = which slope down to beds of ravines and
///} s M \!\\ t__-’j_f-;'“:;, - “{ in other places to true pediments. Small
i / Lf;ifJT‘ i Er residual masses of the soft clay resemble
s ',L-Ju; 7 i e heystacks.
‘/“.-"’ ! g "__._'!—* Lo S :,
/’/""’_/7/ L = = i
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Wherever firm material is present the divides are jagged and narrow, Convex
divides are, then, best developed in humid lands with weak bed rock and
abundant protecting vegetation. Rock expesures, other than large boulders moved
from their original position, are.rare.in true convex slopes. However, convex
glopes are not of universal occurrence.

Free face or outcrop. In the zone of the free face or rock outcrop it is
evident that the debris of weathering derived from above must be moving with
much greater speed than it does near the hill summit, Acutal outerops can occur
only where the ®ed rock is fairly resistant to weathering and are best developed
in regions of horizontal strata, particularly where the resistance of different
layers varles considerably. In the latter case there may be more than one such
line of exposure. The actual type of rock forming outcrops varies with climate.
In semi-arid regions we even find that gypsum, which is water soluble, is
exposed Pecause of its mechanical resistance, In very humid regions sandstone,
quartzite, or fine-grained igneous rocks are common ledge-makers, Where slope
development is reaching its endpoint, due either to a long time or to the
weakness of the underlying material to both weathering and erosion the free face
moy be absent., Obviously this is most common where relief is low,

ialus, debris slope, or constant slope. Since the free face or outcrop is
exposed to the elements it sheds fragments of rock. The size distribution of
these depends upon bedding and jointing which is in turn an inherent feature of
the type of rock., These fragments roll, slide, or fall into the slope below
which is varyingly described as talus, scree, debris slope, or constant slope.
The mechanics of this zone, which in many localities has a constant declivity,
have been previously discussed. However, the fact that with most rocks and im
most climates talus fragments disintegrate through weathering. The resulting
finer material may be retanined between the larger rocks for a time because of
their protection and the restraint of vegetation. If there is enough moisture,
and clay has been formed, mass movement of the talus is possible. Iandslides
may then reveal the sloping surface of only slightly weathered bed rock which
is the underlying basement of these slopes. This may reduce the slope of the
lower part of the talus. If removal of material both thus and by rill erosion
is not fast enough the free face above will be buried and talus formation will
cease., Rill erosion is more probable than unconfined slope wash becausc the
ateep slopc promotes high turbulence with associated channel erosion. It is
the view of King that in South Africa such erosion is enough to cause retreat
of the face of a hill so that the burial of the outcrop is postponed and the
entirec slope retreats at a constant angle, that detcrmined by the size of rock
fragments. Some talus slopcs are interrupted by ledges where resistant form—
ations have not been buried and by projecting butrcsses of bed rock which is
more resistant than adjacent material. Rock outcrops may, therefore, be found
in some places within this zone. Material which is removed from the talus only
when its particle size is within that which can be transported by water on the
avallable gradient, but it is evident that running water will be unable to
docrease the angle of the entire slope because of the protection afforded by
the larger rock fragments. To wear back a talus slope to a significant distance
must involve weathering and crosion of its bed rock floor.

Waning or pediment slopce In many localitics valley filling has obscured
and buried cverything boclow the talus slopc. This is the case throughout the
Driftless Areca of the Upper Mississippi Valley and the causc is valley filling
conscquent upon ncoarby glaciations In the Coastal Plain a recent risc of sca
lovel has had tho same cffect and in much of tho westorn part of the United
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Statcs climntic chonge has interferrcd with tho rormal developmont of hill
slopcse In many places slopes arc undereut by strocams of considerable size
which also prevents the formation of a concave lower slopcs It is in somi-
arid roglons of sparse vegetation that these slopes arc bost observed and
many of them were at first confused with the somewhat similar form of coalese=
ing alluvial fans. Wherc typically developed thcse slopes are underlain by
rocks which rcadily disintegrate to partlcles within the range of water move-
mente Thoy have a thin veneer, locally absent at the top, of water-trans-—
ported detritus which rests upon relatively fresh bed rock, Tho surface is
scarred with rill marks which grade into less abundant ravines (dongas of
South Africa)s It is the problem of just how these smooth surfaces devcloped
vhich is not yet solved to thec satisfaction of everyone. Suggestions include
(a) lateral erosion by streams which are at local bsselovel fixed by a balance
between erosion and deposition, for many grade into depositional slopes
downhill; (b) erosion by many rills similar to those described from the talus
slopes; and (c) crosion by sheot or slope wash including the shoet floods of
McGee. Iing hes gone out onto such slopes during rains to observe what actually
happens. Higgins has dug trenches across little pediments and filled them
with a difforent send to check on rills vs. sheet washe In reins of moderate
into: sity Zing found only clesr water in the sheet flood close to the upper
limit of the slopes. This disclosed laminar flow by having a depressed
surface above obstacles. Just how such flow, which was not eroding or trans—
porting mateorial,could shape the pediment was a problem. Material croded

in tho talus above must in this casc have been deposited temporarily at or
near its lower border. However, later studies showed that farther downslope
and in heavier rains turbulent sediment-transporting flow is present,
although deep floods Yike those described by McGee were not observed. It

is obvious that to have sheet flow therc must first be a smooth surface on
which the water can spread out. Xing explains this by the multitudo of

small rivulets which descend the talus. He rcjects the idea of lateral
stream Tosion largoly becausc the greoat escarpments of South Africa aro
parallel to the coast, do not extend far up rivers. He thinks of them as
originelly as great monoclines which erosion has worn back parallel to thom-
sclves through several geologic periods at a rate of one foot in 150 to 300
years. He also rejects the stream erosion hypothesis because of the compar-
atively straight and level bases of the escarpments. However, this view does
- not scem to meet all observed conditions. The lateral cxtonsion of pedi-
mentod surfaccs joining inte a pediplain with only small residual, steop-
sided 1hills rising above it implies recession of valley sides. In other
arece it is cvident that pediments have formed along fault searps. Movecover,
some form of channel erosion would seem a prerequisite for preparing the
ground for widesproad sheet floods. Possibly Horton's theory of rill grading

FIG. 6 after King Steep-sided

, L =7 residuals of granite rising from

‘_Ln,gg:13§3§1“1~L; Lo o= e = Tt amooth pediment which has a thin

SR " : : - 7~ |gress covers Slopes of hills ere
= . _ 7 _|tzlus blocks. Similar residuals

% = St are comaon in The Great FPleins.
e : e SRR - .. 7 (From nhotograph. East of Pie-
- S B I e s -—- - ltersburg, Trensvael
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FIG. 7 4after . vhotograph by Fair published by King. The river has no real
flood plain but pediments rise gently to the steep-sided residuasls of andstone
end dolerite (bzsalt). No convex hilltops cen be distinguished but the concavity
of the pediment is plainly shown. Vegetation appears to be scanty brush,
possibly some thin grasss The Karroo, South Aftrica.

is the key. But when all is said end done the reality of these rock-cut
slopes must be admitted. They do not fit in with the old concept of penc-
plains. They could explain preservation of rcmnants of morc than one
crosion cycle in adjacent hills for on top of the remnants crosion is very
slow. They do not requirec for formation a very arid climate and might
occur in somowhat modificd form in humid regions unless deeply buricd by
crept mantle rock. They explain the apparent youthfulness of the mountains
of the Basin and Range provincc despite the width of valleys, a fact which
puzzleod carly studcnts of that areca.

Form of pediment cross section. Pediments have a characteristic conecave
cross scction leading down from thec morc or less lovel, abrupt upper limit
either to streams or to an slluvial fill in the center of the adjacent
valley. 'Yido stream spacing may be a factor in pediment formation. The
sharpness of the upper contact is best developed in hard rocks. In weak
rocks this contact is a gradational curve. The various causes of the con-—
cavity due to running water have becen explaincd in a previous supplement.

The matter is not simple and is unlike conditions on alluvial fans for rain
falls all across the pediment slope.giving increased depth down slopec with
consequent decrcase in shearing force. Indeed, it has been declarecd that
pediment slopes arc formed in order to facilitate disposition of sudden
heavy downpours vwhich arc common in semi-srid regions. As pediments Jjoin

at divides the divide is commonly sbrupt and angular rather than rounded,
although both forms may occur apparently depending upon the resistance of
the bed rocks The best—dcveloped pediment profiles occur where the bed rock
is granite rother than soft sediments such as shalce or limestone. Residual
elevations within a pediment or pediplain (arca of coalescing pediments)
characteristically have concave sides. Mount Monadnock, New Hempshire, rises
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in this fashion from adjacent uplands of the same kind of rock. However,
this areca was glaciated and a basal mantle of decomposed rock might have
been croded by the ice or the base might have been eroded by waves. A feature
of podiment slopes is that gullies (dongas of South Africa) occur entirely
on them rather than on higher slopes locally extending to the upper border.
Some change to low alluvial fans belows It is thought that these ravines

are due to local concentrations of the shect flow which set up more turbulent
flow which causes erosion. Some are certainly duc to disturbance of the
ground by farming. Rock outcrops occur in the walls of such gullies, at tho
hcad of the slope of pediments, and in small isolated "islands!" of residuals.
The only cause of convex profiles in pedimented areas is erosion at an
accelerating rate due to later uplift, or to climatic chenge toward greator
humidity. In this connection we may ask if erosion surfaces which bevel the
bed rock and yet show decp weathering are (a) pediments developed in humid
climates or (b) pediments which have been altered by a change of climate.
Since the theory of pedimentation can explain the occurence of several diffe
erent levels in the same region it opens up many new possibilitics in interp—
retationy Could it be that the Piledmont Plateau of southeastern United
States is a pediment whose surface was later eroded by a more humid climate
possibly associated with uplift? Such a view would explain the anomaly of
stream capture along the youthful divide of the Blue Ridge to the northwest,
featurcs which scem impossible under the peneplain hypothesis. The convex
divides of the Piedmont togecther with deep disintegration of the bed rock
would be more recent than the original bevel. Widespread graveds of late
Tertiary age in the Coastal Plain seemingly support this view. The Harris-
burg terrace, which is so conspicious throughout the entire Appalachian
region, would then be correlated with the Piedmont and possibly also the
Highland Rim surface west of the high platecaus. Many will object to this
suggestion because it:seems to imply a marked climatic change, but just how
much of a change is debatable. Perhaps only enough to affect the vegetation
covor to a moderate extent. Turning to the Rockies, it is obvious that the
upland surfaccs are truc pediments correlated with alluvial filling of
adjacent lowlands. Climatic change, possibly associated with, or due to,
uplift, has romoved mach of the fill but a romnent porsists in the Gang
Plank west of Checycnne, Wyoming. Surely, it is inappropriate to call tho
upland suriece a peneplain if we stick to the original meaning of that word.
Some in the Uinta Mountains have in part bcen described as pediments. Through-
out the Great Plains many of the residual hills have steep conevave sides
which appear to dcmonstrate pedimentation.

Summacye The following table, adapted from Fing shows the diffcrences
between vhat may be inferred as characterictics of pcacplains (under tho.
original Davis view) and those of pediplairs. We must note that peneplains
arc infercnces, whereas pediplains may be actumlly obscrved in the ficld.
Moreover, i% scems doubtful that there can be any sharp line of dirision
on the basis of either climate or kind of rocks Xing declares that the
peneplain;as originally defined, is an M™maginery landform", so that 1t may
be that dcbate is futile. The exact method of formation of the theoretical
peneplain is only vagucly described in the literature and is not backed by
actual observation. A factor in comparisor. which King suggests, is that
the mantle of grass which so offoctively restrains orosion and makes for
convex divides was not prosont prior to the middle Tertiary. Indeed, others
have suggosted that vegetation on the lands was absent in the earlicr
geologic periods, and that erosion was then everywhere like that of semi—-grid
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last pege
regions of today.
Pencplain (Davis, theoretical) Pediplain (observational)
Broad flood plains. Narrow flood plains.
Convex or subdued divides with Divides sharp with concave slopes
much crecp of a deep mantle. on both sides, locally convex over
a narrow width.
Rosiduals gontle and convex. Residuals sharp with concave sides
except wherc top is very weak rock.
Lower slopcs only, concave. Dominantly concave slopcs, cxecept
on very weak rock.
Origin by slope flattening. Origin by scarp retrcat and pedi-
mentation by running water.
Origin destroyed all older surfaces. Soveral levels may be prosent in
one Zocality.
Mantlo rock-due only to weathering Mantle rock thin, and water—trans—
and creepe. ported.
Bed rock decply weatherod(?) Bed rock fresh.
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B
Definit;ons of word!peneplain and peneplance

Wooster, p. 193 e
The peneplain, orirsinally defined by Davis as aglmost a plain, - desipm
nates the ultinate stare rcached in a normal cycle of erosion. It repre=
sents a large land arca that has becn reduced necarly to baselevel by
streoms. In reality peneplains ney not be alnost plains™ but actual
nlains in the true topographic sense of the word. Sone nay approach

the quality of a geometric plane, therefore, may be »roperly designated
nonenlanes (almost planes). The final process by which a land nass
corposed of rocks of varying structure and composition is recuced to a
penenlain is nlanation droucht about by the lateral erosion of streamSe——s
As a rule the surfaces of sencpleins are not flat but gently rollinge

VonEngeln, p. 83 :

Forlan indefinitely lons period is at the disposal of the normal de-
¢radational processes and seencies, nanmely weathoring processes and
gtreans flowing down to the sea, it is obvious that such activity will
eventually tring sbout the roduction of the hipghest and broadest of
wplifted repions to an ultinately lowest levol. 3

As uhchenged peneplains in situ are not available for observational study
nmany of the charactoristics of pencnlains rmust bo deductively inferreds

Lobeck, pe. 534 :

It is sdnitted by nost investisetors that peneplanes mey be formed
subaerially by streams, or by marinec planation, or by wind action under
arid conditions., Sone ehthorities restrict the tern peneplanc to sur—
facos developed only by strean action, tut in this text it refors to an
alnost flat surface nroduced by destructive forces.

Cotton, p. 20

e——the surface of very faint rclief which the cycle theory requires shell
evontually result from the prolonged action of normal erosion on a land
surfoece without interruption by further uplift or other eafth novenonts
is a neneplain.

selishury, ps 153

It ie doubtful whether any extensive land area was ever worn down to a
perfact bese-levely; but rreat erces have been worn down almost to thet
lovele— & rogion in this condition is called a peneplain (2lnost plain)
(sives an illustration fron Camp Dougles, Wis,)

Devis, Physicel Geography, pe 152

It nay be inogined that, at a very late stage of dovelonmeni, cven the
neses and buttes of an old platean nay be worn away, the whole region
being then reduced to a gently rolling lowlend, & worn-down plain, op
nlain of denudation® —a lowlond of this kind nay be called a "penos
plain”, because it is an Malnost plain" surface.
Webster dictionary :

Plain (noun) = level lend or broad stretch of land having few irrcgulayi-
ties of surface, ; : Pn
Planc (noun) = a surface, real or imeginary, in which if any two points



(1)
(2)
(3)
(1)

(5)
(6)

(7)
(8)

A

are taken, the straipht line which joins then lies wholly in that surfaces
or a surfacc any scction of which by a like surfaée is a straight lines

a surface defined completoly by any three points not colinear; or a sure
“ace nore or loss approximmting & geometrical plane.

{illustraticn, inclined plene)s

Wooldridge and Morgniu, p. 183

In the orthodox presentation of the eycle of erosion, the later stages
are representod as larpgely concerned with the gradusl lowering of the |
interfluves by atmespheric wastinge This process is reperded as cone
tinmuing long after active valley deepening has ceasced, so thot it tends
to the obliterstion of the strong relief of maturity, producing in the
linit, a rolling upland, on which rivers flowing with gentle gradients
are seprroted by low swells of the surface. For such a surface W. Mo
Dovis proposed the term "peneplain®,

Johgson, D. ¥, Plains, plenes, and peneplanes, Georr. Reve 1i HA3-447,
192
We rust recormize (1) the nerfectly plane surface of ultinmte erosion
and (2) the irperfect "almost nlone! surfece which characterizes the
nemiltinate stases of the severzl crosion cyclese

(1) The levsl ercsion surfacc produced in the ultimate stape of any
cycle nay be called a plane,

(2) The undulating erosion surface of moderate rolief produced in the
penultinate stame of any cycle nmoy be called a penenlane. A low-relief
region of horizontel rocks would be called 2 plain.

- References not included in general list

Cook, He L., Qutline of the energetics of stream transportation of debris:
Am. Geophy. Union Trans. 16: U456-463, 1935.

Laws, J. 0., Measurements of the fall-velocity of water drops and raindrops'
Am. Geoohy. Union Trans. 223 7C9-721, 1941.

Horton, T2. ®., Sheet erosion-present and past: Am. Geophy. Union Trans. 22:
239-305, 1941.

Enapp, T. Te, A concept of the mechanics of the erosion-cyclet Am. Geophy
Tnion Trans. 22: 255-256, 19%4..

Strach, .. (., Discussion: Am. Geophy. Union Trans. 22: 311-315, 1941.

Shuli%s, Samuel, Rational equation of rivor-bed protile: Am. Geophy. Union
"rans. 223 622-631, 1941.

Matthec, 7. H., Basic aspects of river-meancCers: Am. Geophys Unlon Trans.
22: 652-636, 1941,

Claxton, Fhilip, Meandering of alluvial rivers governed by a fixed laws
Engr. New-hacord 99: 268, 1927

(9) Fairchild, H. L., Barth rotetion end river erosion: Science 76: 423-427, 193L
(10) Jagger, T. A« Jr., Experiments illustrathr erosion and sedimentations

Harvard Univ. Mus. Comp. Zools Bull. 493 285-3C5, 1908

(11) Towl, R. N, Behavior of rivers in alluvial flood plains: Engr. News=

hecord 1023 433-435, 1929
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Geomorphology
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- T v

Climate. [QLKfLMWL
Why importanf* Evidence of inconstency. Glacistion- extinct lakes-evaporites
% desert deposits-loess formation of mountain ranges- change of level, &Mi e

v

Transmisslonof moisture

Condensation (not preclpltatlon) due alweys to decrese of cerrying sbility
Causes= rise of moist air over mounteins, etc or over other air masses
Local rise due to heating Equatoriel condition
Idea of "polar fromt"

Winds~ primary cause difference in tempelresture
Types- Belts of celms
Monsoon w nds over large lend messes
Tredes fl#oing into equatorial belt-— hurricanquor typhoons
Wester11ea (cause??) Belt of variable winds, so-called cyclones
“eather comes from west
Horse latitudes or subtropicel highs
FPolar easterlies

¥Why belts now distributed as they are

Maps of averaég climate of lees value than maps of runoff, eveporation, freezing,®W
exceptinal rainfall, maximum winds , Frésd—

Disposition of precipitation
Surface runoff-relaetion of rate of rainfsll or snow melting.
Percolation-why proportion changes with duration. Equation should have a
minue exponent (meaning inverse relation) Air escape
Condition for no runoff How percolation is measured
Eveporation How found?
Includes water used by plants-diurnal variastion Why some runoff where
theoretical evaporstion exceede aversge rainfell
Chemical entrepment in weathering/probebly small)

Stresm flow-how measured-how platted. Meaning of peaks of curve, of line through
low spote. Evaluation of mean runoff compared to that of meen precipitetion
Relation of runoff to climate, tc forest cover-to geology

\

e,



4=7
Meterials. < : : ; : . o

Geomorphdogy interested in dufahility,pniy.

Duralbility related to both chemiczl and mechanical alterations of weathering
and to rapidity of removal by erosion. Hence: emount of energy
required for destruction and/or removal

If total emergy requirement cannot be determined.then relative amounts
; are of importance
. Source of inform=tions measurments of durabllity of building stones

Bed rocks. .
"Hard"vs "soft" rocks Interlocking cyystals vs cemmentation or .

compaction

§;~‘Mﬁntle rocks

Hard rocks

Factors in mechanical durabilty
Crushing strength. = mésure of force required for destruction
Resistance to temperature changes
involves expansion rates (coeff. of expansion)
grain size or texture plus povosity

Factors in chemical durability
Molecular changes atomic changes
Weathering
solubility governed not only by meterial but by |,
size of particles, porosity, permesbility(difference)
permeability due to fractures also
Define permeabllity and give unit, darcy
involves cc. ﬁﬁter, spec. tempr, pressurs
one atm.
Structure, such as foliation
7 Atomic changes known chiefly as time measures of age
“oft rocks : :
Mechanical durability o ¢
srushing strength related to cmenetstion and/or compaction
temperature changes :
importance of uniformity of meterial, grain size
bedding or foliation
Chemical durabilty
Limestone vs dolomits, Evaporites
Porosgity vs permeability Nature of solventa present
Kind and amount of cement

Resistance of mechanical removal
Importance of density. Archemedes law.

Mantle rocks or unconsolidated material :
Direct removal, weathering nﬂ%:o importanct
; Size of particles, effect of variation
Density or specific gravity of particles
Degree of compaction :

{

/
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Weathering-here interested in effect on land forms 3 BT S L e
Definition : B L \b
mechnical 3 - S T, i R &{ Lﬁ' L\:fi’*’ Lo
chemical-organic LA A 3 e T $~¢7I/*”Li ryﬁulﬁ
' = 4 o i s = A ) u"\w'/'k : LY
Mechanical. -l M”’)m RV S R A
Effect on surface area of partlcles law of cube }nmn_udux e ¥ o
e ——— N
Processes g

Freezing. Total amount of pressure, volumetic vs linear ~ Ol 4
., expension. Cube of a ¢ da if a = 1 then only importance factor is

78

% 3 AR 3 [\ahs] 4 3da  errors in meny statements
ikt frozen ground or permafrost. Requisite condition = excess of heat lost

per yeer over heat gained. Heat gained from (a) interior of earth,
(b) direct solar radiation, (c) conduction from winds

,eat lost by (a) dircct radiation, (b) conduction to winds

Rete of heat tﬁ?nifer in soil depends upon conductivity.

Time of heat transfer. Max effect of seasons decreases with depth.
Lag in time of mex. soil temperaturs. Depth of unchanged level

et meen annuel sir temperature about slightly modified by

internel heat. Modifying factorss snow cover whith low conduct1v1ty,
vegetetion cover same effect, emount and movement of internal

water. mean
To get frozen ground,air temp must be below freezing
Is present permaefrvst now forming or is it inherited from -

former colder climate?
Is cold associated with glaciation in time?
Effects of frozen ground-formation of actusl layers or masses of ics
moundg due to escape of water. Local artesian conditions
between two frozen layers. Extent of survival of ice effects?
4 j Lakes due to locel thaw-permanent?? Pitted ground
efé’/ Present blanket of moss ete. :
fracture of rocks by frost, repeated tension
Breaking of rocks by other temp. changes.
Must include as factors specific heat of rock, rate of absorption
of direct radiation or heat from wind Conductivity which governs
tempemature gradient end hence differential expansion-
number of times of repition-associated chemicsl mlterations-
Griggs experiments with clock and hot plate
Chemical including organic
: Agents- trend toward simpler chemical composition with both relfease of
199 chemical energy and increase of volume and number of particles
A Exfolistion not simply mechanical but also due to chemical alteration
and probably to relief of original stress Hydration of feldspar
exfoliation domes why?
elative chemical susceptibility-quartz, muscovite, orthoclase, biotite,
elk.plagioclase, hornblende, cal. plagioclase, olivine
So0il formetion. Importance to landfooms. Define soil, mantle rock
)?911 profile, why Is goil formation a phase of weathering?
1957) Describe soil profile
: Climetic control of soil profile Podzolization gleization, etc.
pedocal pedalfer groups Prairie soils cause of lack of trees.
caliche layer and other arid land crusts. Seasonal rainfall.
Effect of soil h®rizons on erosion

lﬁfba
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12-16 -

Rate of soil formation. Leaching of calcium carbonate easidy measured.
e Obsarvatlon shgws average of 275 lbs=A in humid temperate climete or about
99— 31 x 10% gm/em“/yr Check on ground weter at 250 p.p.m. carbonates = 260X
00 25 =x 154 with 10 cm. of percolation Vegetation has first call on percolatio
£, "] and is not separable. ot ground water addittion much less than unaccounted for water
AL f..;f_1“3 Assume that bulk densit} of soil is same after as before leaching.
© ~J J Then original thickness of leached layer is

thickness leached zone 100
5% X BULK DENSITY k)3 100 - Zcarbonats o, o Co. L0 Spont
thickness x § carbonate = total carbonate removed. Divide this by annnzl

rate to get time of leaching. ca 003 £
Examples Leached zone 50 cm. thick Bulk density = 2.0 carbonates 25% &”CUé |

. 2 28 bbb
& - A_' 5 n

e -Lf‘ngz—lg— 83X 61 7 em = orginal thickness leached o s
X007~ 6Y 100-25 : 9
12 67.7 x 2.%.25 = 33.2 gm. carbonate removed 33.2 \*
Bxx2 AT N
;%:izlz 30 x 10 4 = 11,000 years ;
If we used 12 cm. percolation and 250 p.p.m. carbonate result is same ??ﬁqﬁpn P =) @

Erodibility of soils Most work only on effect of different kinds of vegetation. 0%
Grass leads in zencral See supplement, 1950 Direct impact of raindrops importent
only on bare ground Ease of disperson important. Maximum where alkalie compounds
occur generally in dry regions. Some soils swell when wet. Granulation of
particles important but not shown in mechanical analyses. Silt-clay ratioﬂ
dispersion ratio, amount of organic matter, infiltration rate and other factors

not fully understood must be considered. Most tables of erodibility worthless
Depth of mentle rock, water circulation necessary, Cause

Mass movement
engineers analysis of banks cylinder, shear strength soil mechanics

engle of repose of loose materlals C@“bm“b461WWb’ ¢

Creep solifluction + b v, O = WD 1
= Lt c ;
iQYﬁ ]%9,7 Talua formation P‘Eﬁ:;x;“* s

qukzretention by friction. retardation of falling stones, relation of friction
to size of stones effect of snow
telus (S. Africa) 3-4' angle 30-35° 2-3' 23-29° 1-2 19-23°
general expression angle of slope in deg 19 + 5.5 D*
gravel to 40° sand to 38° clay sbout 16° max.
relation of talus to d rock. Effect of subsequent weathering
recognition of talus slopes by straight line.

Physics of mass movmmant
Define solid, liquid, plastic Limitation of time factor
Pascals principle in liquids Fluidity or viscosity, Polse unit.

Landslides
Arey , ceusgs of failure mainly difference in amgunt of water
Wl At _ 2 mauﬂv hange from loose to tight packing. haking out water

-
e

Decrease in viscosity of wet clay
T e
e Fracture in slopes, slice faulting, curved surfaces ecat steps

dorana,
el = vﬂdﬂnA Slope failure lastic curve Difficulty of analysis

g '
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12-16 cont.

Bese failure-passage to fluid mechanics mudflows. rock glaciers,
Creep slopes. cause, component of weight along slope

&0 Observetion-mantle rock feirly uniform in thickness
mantle rock being formed continuously along slppe
How did slope get to such condition?
Math snslysis. How is slope measured? degrees, percent, ft/mile,
ft. per foot = tangent of angle of slope
sine and tangent nearly same for small angles.
Limitation that slope has reached steady condition znd is unaffected by
,other agents
orce = wt. unit volume x sin slope in deg= essentially W8
In order to take care of uniform production of amntle and keep
thickness uniform then slope must increase away from divide
in order to increasss velocity of motion
hence Vs § s h (horizontal distance)
Fall, f in any distance from divide, h must then be product of
average sloge x b Av. Si= h/2
hence f s h / 2
Test by log-log platting for any equation y = x" can be also
written log y = n.log x which will plat as a striaght line
ceutiont the proper origin of C point must be known in order to
find value of m Just where is the divide? Field tests
<4t
v dn
ho st S * Ch Solifluction, definition Supposed periglaciel climate.
df
asch . 5
df= ch-dh |
A A

1?‘ C:-.f—l t e W = 0 b F200Th=0
.
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Stone rings and stripes of cold climstes landforms? YJwQ”MAALbkrﬁiwu_ v

/95¢ Solution - Y e - B nemppes &7vn3 ‘

Susceptibility Helite, gypsum, eragonite, celcite, dolomite, magnesite urhonate
Weathering of dolomite. Niagara of Wisconsin hes 557Ca to 44 Mg or very
near to the 40/24 molecular ratio .55/.525 molecular retio of carbonates
[9¢ % Ground water average is 53.5 Ca to 27 Mg in ppm, Molecular ratio 1.33/1.12
: But efter assuming that all S0, is teken up by Ca the ratio is
1.05 /k,12 or sbout 94% of moiecul&r equality. Hence dolomite is dissolved
end there is no selective solution concentrating Mg
Chemistry of solution recognizes work of organic acids but ground water
conteins only bicarbonates as shown by lime softening process.
1952< Presence of suplhate reduces ssturstion point with carbonate.
Ground water analyses show total solids, total herdness, alkalinity bath of
last two expressed as Ca2C0
Rate of solution. an.alkalin%ty of ground water known.
Given annuel percolation rate is found.
Exsmple: s=ssume 30 cm. ennuel percolation agd total solids 350 p.p.m.
there is dbssolved in 1 year 30 X 350 X 107° = 1.05 x 1072
cm® Teking a,density of 2.6 eech cmo weighs 2.6 gm.
Hence 2.6 x10° / 1.05 = 247 years to dissolve 1 em’ of limestone
which is equal to = lowering of the surface of ebout .004 cm every year
provided all solution is done there.
Susceptibility must include primary and secondary permeability inecluding
amount of impurities and impermeable beds.
Most limestone perm is due to joints end bedding planes.
Original openings filled with connate salt water.

gm from every

. Fluding out of this extends to derth fixed by aveilability of passages
- B »* a5 and hydppstatic balance with sea water.
‘*Jam_;gyh° e Colums A and B must balance when & x1.0 = B 1.03 relative densities.
Pﬂ 61}9’9 ”'ft But 4 = B 4 h ( heigth of fresh water above sea level or outlet sill
W00 o MY Then B # h = B 1.03 Let h = 120 feet and B = 4000 feet
= e o) this is max depth to which fresh water might penetrate.
o 0% J2) e— 01l tests in Flori’da sppear to eonfirm this roughly. Effect of
digging Florida sea level canal. Results of drilling.
Relative pressure loss in openings. All formilas for turbulent flow
which occurs in reasonably large openings,
V = velocity, Q = quanity, S = slope or loss of pressure head,
R = radius of opening, D = dimmksx width of long flat opening
with length many times the width. A = area off section
v} §2= Qé: = 342 gi Rz’;§ ;i;cularf0£en§;g 35)%/D ;32§§at opening
: = or rom which loss of headBS= or
V’ﬁ{’ﬁﬁ By substiution for value of V in terms of quanity and dimensions
5=‘5' 2 loss of head, S is inverse tg cube of g%gghogeggnégng flat
= Cf:ﬂvg%(ﬁa HgggglEéﬁgggdoégnigggrggr?? guchigo%ér%ater than small ones
th'v £ 7p ! and are much more dissolved. Deep circuitous passages sre not
- :B;ﬁg = 195y much enlarged unles no other path is svailsble.
g
f&t:tr“”‘*ﬁ- Redepoﬁition in meny openings above water level.
(i%jﬁv*b Topographic effects here considered only. Favoring of underground drainage due to
= relative speed of enlargement vs time required for formation of valleys.
y* QL; But deep pendtration of water is possiblemminly beczuse of erosion of valleys
s QLS Formation of enclosed depressions or sink holes. Natural bridges = —
“:;-}be— R Theoretical endpoint a plain unless certein perts lack permeebility,s Shwa e

Technical terms 211 from Cyeckoslovakie



21-23 Major relief festures

Difference of continents from ocean basins. Continental shelf, continental slope
contrast, average not well krown, Sounding methods -
Interpretaions of shelf: sedimentary or erosional, adjusted wither to

present or to some lowered seca level. Dietz end Menard, A. A. F. G.B
35: ¥t 1994-2016, 1951 advocate that it is erosionel and edjusted to lowered =
sea level =s shown by coarse sediments end rp &x}bottom rear outer edge.
Lack of any definitec wave base for surrentg,occur much deeper.
0 Depth varies from 50 to 70 fathoms. Myth of 100 fethoms.
[P Slope average 8%, 4% deg. 422 ft/m. “reat variation - remele
/?5 Difference in bed rock of continents and ocean besins gererally amssumed
9 Evidence not conclusive zlthough generslly =ccpepted.
: Some specimenm dredged but mostly based on gramity and velocity measurments
Methpd of getting gravity, g. Pendulum, greximekkex gravimeter
Keyydection of observations to allow for density at-depth
sial or silica-alumina rocks ev. density 2.67 generally thought of
as continentegl. Sedimdmts
sime or basaltic rocks more common under oceans. IExcertions proved.
Av. density ebout 3.0
andesite and basalt districts of Pacific _\(ﬁéj—_/
velocity determined by square root of dzmrsxkyx elasticity/.density.v' d
v . " ;
ontradiction since two are interrelated

Theory of isostacy

w5 | Evidence? Fostglacie] rise, "deviation of plumdb line" gectuslly failure
to check trisnglulaterby latitudes ' Er'oneous positions &etermined

by sstronomic observetion. B

Hubberts celculations of time of adjustment de;ened u on constancy of
viscosity of rock. Assume no strength against long continued force at
depth and that rock behaves gs & true fluid not =z crystalline substance
Defines strain, stress, strength, elastic limit, level of compensestion
elasticity
Final eritieiem
How tell results of comraction from those of isostacy ?,_\, o
How tell effect of ice from other causes unknown ] o eUha (ln-or

f S e L hhawe o Wwernnche | P C
.RTMV\ Wwﬂf) -
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Land forms due to vulcanism. Distinguish from effects of intrusions
Variation in type of rock bsszlt, andesite, rhyolite
tygpes of eruption Hewaien, Strombolian, Vulcanien, Pilean
| 452 Viscosity of lavas amount of gases
Relestion to temperature, decresses with rise
to composition decrecases with $i0, content
But melting tempersture is ndT}elated end increasew with reduction
of 810, 100 C or more
Viscosity determined from speed and thlcknnss of flows. Temperature

hard to get Laminar flow where Vs D“5/2u u=D s /v
Distribution of volcenoes, PFacific ring of fire. Relztion to disturbed belts,
excertion

Kindeg of ejecta.
Pillow lava below water
Degree of crystallmization in flows. Importance to erosion
Cooled top, amygadloid, pahoehoe or breken skin,
aa = clinker
Dip of flows related to viscosity beselt 1400 C viscosity 80-140
poise, but incresses to thousunds at 1200 C
endesite 150 to 160000 Effect of difference on initial dip,
increase of slope outward from vent making convex summit.
tmount of fosming, clinker, pumice, scoria, tuffs wster worked sediment
or fragmental volcanics, all gradatione mud flows
Land forms
= Basaltic- domes very low slope, lave fields, spatter cones, scoria
93L} or "esh" cones with talus sides up to 35 deg. Lava caves |
ecidic- domes , spines ejected in solidified state, fraguental cones with
talus slopes, craters, calderas.
Origin of calderas-Crater Lake ete. next time
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Valcenic forms cont.
Slopes of volcanic cones. log-log plats. &V 121“
convex form origin et crater edge yields slope of over 1 in 1= convex form

Seversl straight lines if origin is unchanged.
Free sliding slopes of fragmentel meterial give 1 in 1 slope = talus
Change of origin to bresk point

o
Edow thet aqiggggggged origin gives less slope.
gave nearly |l to lgslope for “t. Hood, Vesuvius, Fujiyema not so cleerly.
This means that a felse origin too high in elevation was used.
Sucession of talus slopes with decressing engle due to finer meterial in
part due to weathering and slope wash., Is it really a concave slope?
Idessof Midne, Becker certainly not due to shear of leve either
molten or solid Where, if at all doss wash enter the picture?
Falecy of metching curves.
Origin of celderas. Crater Leke.

Creters and calderas.
Explosion creters-meere ®* Cryptovolcanic structures  lend forms
s 5,ﬂﬂhuﬁ‘f‘ﬁ‘3 a7 7
(10-nrdess) )
ol

wﬂ 2 =

Tk et J7m3-m-,/z:. (i:gf)
' {W%
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Earth movement.
Digcrimination of lend forms due directly to such znd those due to erosion

conditioned by former movement of meterials  Ryw hd Luma~  Gelin “V‘f”
oo vedde 7 7RML P :$
Folding, faulting, impect iy gl W%L/

Compton quadrangle, Celif. How told from & stripped fold . 4@7{7?
use PawPaw if possible
ure Mte. Coest Range of Calif.
195 . 8
: Feulting. types
Evidence of feult vs evidence of a recent fault which disrlaced lend surface
Straight border of “ts. best seen by horizontal view
Uiscordence with internal structure not zlweys present
Relative stesp sides of *ts. = talus vs the water-washed slopes below
formetion of pedimente  Upturned hard formations
Springs
Trienglular facets not necessarily due to recent faulte might be
only displacement of hard esgeinst soft formations

Dieplaced surfaces of deposition. fans, recent leke deposits, lavas
erosiony Htdiments or ‘penepleins

Temporary nature of evidence

gormetion of enclosed depressions, elso temporery,

195 L/ 199 Examples, fault scarps = of Col. Plateau.
coest Rangles of Celif. Fault of Glacier Ferk

Conclusion. Little proof except in aregg,stlll actidve with earthquakes
urrans A 1r~“him VV“*“A nv#rqp ol AAM?FAwnw
Impact.

Discrimination of volcanic explosions.
Nature end discovery of met&oritea geophyaics :
Energy of impect E = imV eteorite vel. up to 40 m?y:c.
= 64,6 Km/sec o 6.46 x 10° cm/sec for unit mass this is
2.08 ergs x 30 Reduce to joules=2.08 x 10°.reduce to calories ».239
= .4-91(10
Difficulty of comparison with ordinery explosives which commonly give only
celories with no iBformatlon on rate of exploaiogo
Atomic bomb E = W~ or for ugit mess E = 9 x 10
reduce to joules = 9 x 1072, to calories 2. 14 x 1013
only 1/1000 used [er available)= 2.14 x 1010 ‘Adﬂhh/a,,.
Comperison of effect of high Bnd low-power explosives
Examples. Megteor crater, Afizons/ Carolina Beys Chubb Crater
Hypotheses g?i
Steem explosion $e
Weathering of volecanic neck or pipe
Lakes shaped by rotary currents
Solution T 4wl durwres
Spring ection
Tests geophysice test drilling

T . % {

(2] n } VA, L'\(“” /’\L Ay w.—f‘v, v d



19cy 31-32 Running water. importance

: 1 7\ ,kinetic energyf friction .coefficfent rotetion im r< ® v°/r® = same for part
B ¥ Cepecity vs coOm etence ) hydrauli raa Reynolds number} :
ractive forcg) Lettling veloclt_\,) Archemendes prineiple / viscosity

qu? ;]\

Methods of flow- Leminer or viscous ' PR

‘i . L
Fhysical defini‘tio?/' velocity, eccer 'jtion force, weight, mass, woxz'k,apower,
y ho

Lurbulent : X2 &5
shooting Pl %
- = iy
= 5 v 2w S v
Derivation of leminsr flow velocity Um?&hsﬂ- _3/ =
velocity et e point =t depth z orr*e -t this point = 28 R o o
hence Ex wudv/dz =F = 28 = «V agdes =wdv glephat ™ =tee
To obtain velocity at surface with total value of z = D or depth T
clear end udv =2dz5 and integrate both sides when
—:D 2 omguv = D28/2 same %s multipdying ¥y everage depth D/2 }
13 P clesr and them V = D%8/2u 1) \L 3

Thie type of flow importent only in meteriels of high viscosity or very low
veloc ity underm,u wettes  shest- wank 2o e | #OWH uﬁmw)

Derivation of fo_rmul& for turbulent flow.

_ Ceuse of turbuience %{
— ‘“ause of no amcceleration of falling body™ resistence = force i

'I‘ake unit length cross section of perimeter P, srea A, slope S [, bkl Ml »
force downhill = wt of water in unit section x 8 : N
' + AW S wherew = unit weight L e s
: DwS
o . force downhdl resistance
'* . resistence = coeff‘ic%ent .perimeteres unit weight . v2 s
= fipawV £ w N

wi"‘m . Hence
bws=f v? ok
ﬁ e P n:

D _559/‘7 divide through by pand R¥ S =fwV because A/p = R hydravliic radius

95" ‘F-V% ‘divide by w and then by f v2 9 g

& RS = or V° =RS /f Chezy formula R=D
.wﬁ-r_j?_:‘f Now the value of f depends in part gn thi velue of R and in part on nature of
£ " bottom hence Mennings wxpression V¢ = 38 ¥ coeff ( <
‘“._.*Mh\niﬁ\ for BB, unit§s the coefficent is abbu‘t 37 for most etreams A’/ =30

- 306 %7 e

Implicetions of this equation wide stream R = D depth &
195 S : 8
3 Mixed flow important in thin sheets here v2 = ¢ pl-© gl 4 or Vi C p*? g°7
wh wil Constext slope Q:quenity = VB yence by ust itution Q s D9/3 g~ D%DP
for = constant quanity 510'9/1nverse to DC/3 fll = ."z':,p’
(s I 4 | = A \
Solve for V with R = 1, § = (0} const = 3? end V = 3.7 ft/sec. PN D
P =, R= 27,8 = 0001V = 3.32 7%, /pec. * gl
pan A asipl : o n ' Blr2t
i - : = 7';& 3797 R ”"—7//“_

{ [ov” P Z i
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Erosion or detachability of materizl. 2
Methods, direct 1lift of loosg particles _Work by impesct which = esree . min V
wt. o 8in A = const. V erea (pi R°). cos. A
since tan 4 = 5 and for low engles is ngarly = sin substitute S
wt = density under water . g. 4/3 pi R
gbove can be solved for D, diemter or R radius of particle which is then

e Ji) proportioned to V2 if particle is over 8x2xmm diameter = 1 mnm
Yﬁg;dﬁﬁ.(/— due to partisl burial of particles this spplies best to transportation
R o
Q‘ff? i abrasion. If cleer water flows over cherent meterial no erosion until
o = o ? particles ere added to abrade (toolé}. But if more then 2 certsin
ﬂA&LL‘"' emount is present in water st given velocity erosion ceases

1152

impact of large particles; loss of weight under weter. viscosity of water.,
impact of reaindrops. size, velocity of drops
cevitetion or weter hemmer importsnt only with very high velcoity

e e s ;M
Resistance to erosion due to chherence}.Ayery verieble Protection of vegetation

Competence of flow. Confusion with load or capacity
———— Confugion of weight (or mass)vs diaﬁ¥er(or radius)of largest perticle
Siﬁih power law asbused /

L%
! Methods of expressing enepgy of running water
Impact = area .V
Tractive force = component of weight of unit column parallel bed
or totel potential energy D.¢unit wt.sslope
Hydreulic 1ift or venturi effect. Differen‘?ial velocity.conservetion of
momentum i e oo
KE grade or V2/ B or V2/2g derivation (w~it M”““)
145 urbulence or upward component of motion. ¥ifficulty of computstion
ke Y relsted to velogity gradieqt
L V, = . C Ly 2- Yo o Zon
v* ws of settling velocity. See aﬁ%gg—for gand end pebbles., Can substitute

depth and slepe for velocity Othenthings equal diemeter of largest
pebbles proportioned to slope[?) }

(953

articles less than 0.2 mm diesmeter viscosity of water is determining factor. .
Derivetior of formule not given. experimentalf, han
dim@ter related to square root of velocity

<as N
Trensitional law. - verieble exponent @ °

N
\ﬂq’\ Yigposition of tdel energys viscosity; k. e. of rotetion in pert recoverable;
tra nsportation overcoming gravity of perticles ; erosion or friction;

gurface weves; rippling of bottom
Interrelation is complex and verisble with conditions; depth-slope formulas

meaningless



34=31
' Derive Chezy formula for velocity

Attempts to obtain thickness of layer of laminer flow et bottom depend in sbeorption
of enitre K. E., in this leyer

v - E.5=uV /& where d = thickness of this leyer eand u ies coeff.

o of viscosity
whence d = uVy/RS

Kubey's ettmpt to find a "bottom velocity"

P~

Ri T qJXfuMa‘

oy A"

Nverfity . fell = ared . Telsblons distanas "

perimeter unc{er weter

(Vh) (V,8) =gF V) (coe If 12 ) b

4 Ay A TP
Vn 48 = coeff P.Vb4 or V,, = sz ES/ coeff Ao e ( co~tdf <

Mot
"'v',_- A

B4/3 S in above snd

ﬁ 2
Substitute Vm2 = RS a\}tered to Mannings formula Vm

4 _ 4
LR R/3 82 whereus e rE/3 52 (coefficient neglected)
No importent differerce in reletions only in megnitude

Methods of cerr ying lomd vs methods of picking up
gsuspension, saltstion, bed loed wveriation with velocity
No single formula for relation to velocity or any other verisble.
formulas work only within range for which they were derived
any formule relating to velocity must have an exponent twice that of
e formule besed on depth and slope. feca.. V*2DS

Xfactors of detachment: hg’dary sheer, eddy shear, fluid impact,
particle impact, loss of weight
Resisting or opposing forces erec: gravity, support of adjacent particles,
mechenical binding, surfece coating, resistance to flow through materisl

DG

Whet is needed is expression for wexkx power? rot for work or foxce.
i W¢A/, Now power = Fv 3 If force of moving weter is related to V, then power is

ke releted to V
Vr;r“ - Kuby's derivation of power
VWle- Loed . settling velocity = wt. in unit time . S
poke= F 3 L.Vg = (f.den, g)(Q.V_)'8
= (f.den, g)(V, 4.V )8

dividing by P IV, /P

2
Since Vb . Vm KRS then

P
f-d,s{fm R s] f= a coefficient, d = density, 1 for water

A > 4 =
loa:d for unit width I.,/‘IJ A VS = E V'b . fn

) - B
3 U"\M Uy & luts 3 (‘/\;._.;-‘” /
Slnce V is pro;ortﬁonal to Vb then L/P 1 Vo ‘f 11 G e #‘“&Fjeﬂﬁ:

— e — B

Schoklltnch bed load g?ﬁmulﬁ
Loed funit width (¢-Qp) where Qp = quenity at which bed motion starts

. 3 3 "q f"‘"{'iz. :
Since V, 3 S2 this become: Ve and since quanity s V,.D it is then

equivaient to Vm4 D (allowing for an inital depth at which movement begins)
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Critical velue of velocity, slope, discharge before losd begins to move.
ordinarily subtracted. could be percentsge or other relation?
|95

Overloeding
Experiments with flumes defects
Horizontal form of stream course.
Cross section -reletion to nature of banks and bed.
Eelation of forward and letcrel velocities

Meendering. Forces diverting stream. Obstruction- rotation of earth
kotation. reletlve Vel&}lt]—“lanﬂ of reference
¥ (dynes) = 2 ang. vel. (radians/sec)l rel. vel (Cm/sec). sin latitude
984 “otational force = VS/ r (dynes if other units are c.g.s,
substitue value of §
" Vicksburg experiments. No effect of rotetion noted.
hngle of stteck Bank erosion LUownstresm sand transport not related
Rate of benk erosion inverse to slope, discherge Rapid streems do not meander
Deflection :self perpetuasting Crossings and deeps
Braiding, cause. slope is greet
Relation of slope to bank materiel Relation of form of meaders to uniformity of
’ materisl. Cutoffs all due to non-equal downstream migration or sweep
45 Normal 1limit involves formetion of chutes
“Radius of meanders incremses with both slope end discharge
Length of bends increasses with discharge and slope
Width of meader belt less then direct proportion to discherge and slope
Length of bend: inverse to angle of sttack
Width of meander belt less then direct to discherge and slope
“ngle of attack related to velocity
S8inuosity increases directly with discharge but less rapidly with slope
Discharge (inc. channel form), amount of sand moving, snd rate of bank erosion
ell interrelated. If sloye incresses velocity does,requiring smaller channel.
Material of banks becomes finer downstream hence more resistance to bank
erosion. Balance never attained becuse of variation in discharge of
netural stresms.
Are mesnders related to stage of stream development??
Are sendbards releted to turbulence?
Width of meanders belt ss determined empirieslly. Why meendering valleys show

wider belt Low water channel supposed to be proportionsl to eversge discherge. Error
~\ , o
S B
s -

— I e cr———
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to 40 cont.  , 74 _ 00007292 sact

Al b
- : 4 729y /0 -S
Basic derivation of effect of earths rotetion
Rediel velocity varies with latitude. Any change of la titude meas ns change of
5 velocity Compare with long range projectile noting that 211 latitude parl
223 eway from equetor ere not greast circles. Equ. vel 465 m/sec.
Superimpose two velocities and consider thet vectors cover equal erces in
equel times, Work out components in two directions omitting ell factors
not dependent on rotation. Combine to finel expression
’ﬁﬁy Miefit streams ZExplanations Lehmenn's irineiple. Comment on importerce
7 :i - E i 7
How meanders sre destroyed. ??“3 hore gooan W
J
2 : o FRER
o st v
z L ZY 9 . ~ e q )( ,-r.,-'q'
) - DN QU = oA !
= r,tfyx/oyxzxﬂ-\wf— 2Eg 197 % 10
5[13'”{ . 4}1.)-—‘ ’215 : = = JO—’L"I
e : T R S = g E F R
T TR e T g6 LY e ;
jciﬁi"“’kﬁﬂ”W%E ___________ e gm_;vm%mc 2 s
‘--,_ﬁ:__u - 7‘__2:#____, ‘ZXJOH = ¢ 2 y S Pt A A ‘:', s - .’,".7 ofO %.—Lﬂ
AL - IzE“-M"’ !], - j'i:—— = 7.;)—:)7;— = /-——'\fo — 17 d’:ﬂ"“‘ ;;f_.:"-. 5‘“(‘»(‘-&:\/,_.1‘ 1‘_};_5’!_0_1 ’-?‘5_-.}-(—’1?‘1;__. ——
v [ - o> =
1o e e ! :
- 1419%  Inequality will decresse with velocity sineeratio is Vz/ V or gimply V
inerelse " decreese of lstitude as sine approaches O
~ Formetion of entrenched meanders. two types, entrenched, ingrown “
e = \»‘-\.‘ gt
. i . . s 7 A
560 10~ Longitudinel profile of rives a curpve becoming less steep downstrema it ©
quj Attempts to relete to incremse in volume, to decrease in size of lergest
d’,,—’/’ particles. to constancy of eroding or trsmsporting force, to change in

menner of flow of water. . Difficulty of finding origin to plet.

Normal dreinage besin peer-shaped. Increase of discherge downstream not direct to @
distance Since meximum pebbles sre only small pert of loed how come they
control sloped How about everage siz-e and if so how computed?

How sbout debrie derived nearby?? Any computetion of for§ce or bed losd
cepscity involves changes in discharge. Concavity shown also in
alluviel fene, desert portions of streams, and ir outwash plains of
depoeition where volume is essentially constant.
What is relstion of velacity/ diemter retio?
Particles over 1 mm D‘slope-di&meter rgtio is unity. | 7 s
M pgiow B % Dy §* o

how combine these??
Can it be due to & combirstion of factors ell trending in same direction?
Absurdity of relation to competence hence teo any possible lew of deduction of wear
of lerge particles.
Probably relsted in some way to mean size and particularly to grade of size which
predominetes. Phi meen = log bese 2 of weighted mean. Observation shows
fair relestion to slope. ,Fhi mean elso ¢loessely releted to log of geometric mean.
With large particles D;V- hence sineeVQs 8 then D:S but this does not work
for bulk of materiel tremsported, “his lies in the tpensition zone of
size/dian/ to velocity ration. his changes from DiV® for over 1 mm
to D°;V for less then .2 mm Must also consider effect of bottom load
on both density and viscosity of tranporting weter in the bottom layer.

types of meens. erithmetical = sum n items/n geometrical = nth root
of product of n terms.
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Slope was h or overlend flow
hydraublc7 mainly mixed flow not turbulent es essumed by some.
Yy Drr g
Btudents, Little Horton
Little used expression V /D es denoting force of erosion
Horton used depth-slope formule
In order to compute slopes of uniforn erosive force different esssumptions
ga to reletion between depth end distance from divide were used.
Little used a reinfall equetion relating to intensity of rain for duraticn
— Used a Ilast percentage of soak-in
\%ﬂWh#h:!!!k.pald more sttention to experimentel results Slnce discharge on unit depth
is related both to depth and to velocity and velocity is related to depth
éﬂ then discharge is pro;rtional to & power of depth which veries from 1 to 2,

quf/ .h“\ theoretlcally ghould be :?th power for turbulent flow only~ 3ﬂ‘hn¢~f¢~
/ \ §) Attempts to ;btalr 8 1rofile‘}b uniform eroslvc force yield various results.
- 19 probably few slopes do show this relation. 11 unite that increésse in
t\-._-—-—‘—-"'_—’

depth downg}ops must result in slope concaverupwerd. T
_ Bggistence to erosion is vitel. Horton combénes e2ll losses in energy into
_ e figure for re31stance expressed in 1lbs/in® which he computes as
o \\ varying from LQH a> depending in nature of soil and vegetetion.
L Most importent contli butlon is thet ercsion begins where energy = resistance.
__:;;,,ff’ Since energy derenas upon quenity of water there must be 2 m "belt of
> no erosion" along 211 dlvvaec within which eversge reinfalls do not
eccumulate enough water to begin erosion. Variebles in fectors governing
width of this belt ere rainfell rate, durstion, ratio of infiltration,
gslope, reeistance of soil

e :
i Migprint top of page 43
Beginning of rill erosion on slo;es _
\ i © yyHorton's mathemetical relations depend upon gross or potential energy of
Jp}r;  ¢, flow figured insteed of dgpth.slope, unit welght 88
il e o unit wslﬂht of water 1 inch deep. sine of slope because he used
N\ : length of slope instead of horizontal distance.
: Quesebity of_water is product of length of slope by rainfald intensity
Depth = ;zty divided by velocity
Hench u51nv turbulent flow depth =(rainfell rate. lengthfslope/ Blope)3/5
By substltut%?? we find force 1is eq ?l to wink unit weight( rainfell
intensity) gin slope/ tan slopes
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Formetion of velleyg rills at first, concentration, cross grading
Change of slopes by this. Assumption of soft material - . b ot o
Subdivision snd resubdivision until all inter cheannel areas are
within belt of no erosion )

elation of streams to ground water s \ﬂ-«“ﬁx

Ly Entrance angle of tributaries.. . g A W
/‘!7‘/\ Hortons system of stream orders = W""’( mj__ﬁ: ! 08 it
175"-./ P Drainege densitly OStream frequency- Aog Ml nd = : '
Drainage texture. Causes of variation

Bifurcetion ratio \’b :

_ }/E(,S-do) Sﬁwavé%w'_\/l,%
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IQQ’Z‘Cylce of erosion. Define youth, maturity, old age, peneplain

.‘.’ C*'uﬂ

f95

45‘52 f"f g,)

Drainege patterns. Were or were not streams preceeded by slope grading ?
Definitions- dendritie, trellis,/distributary, consequent, subsequent
weter gap. Fgll recession, plungepool, pothole, spring recession

Change from deposition to erosion.

alteration of valley sides to slope result of incomptence of material
variation in width of belt of no erosion contributes to convexity

Baselevel and Playfair's Law.

Laterel erosion-cause=~ cut banks importance to sedijfent and meandering

Fediment formation. FProblem latersl erosion vs slope wash.

/Qg‘ \Change from turbulent flow in gullies and on steep slopes to mixed

| flow on flat. Flat implies material which can be removed by water.
;) Low slope needed to cesuse sheet wash. Nature of rock in talus
] 9% slopes above. granite, sandstone, shaleliw-t )
Define pediment, pediplefid, pediplanation . sheet flood, overlend wash

@2;5 reletion to alluviation relation to climate, to vegetation

evidence of past peneplains-upland levels, buried surfeces
monednocks, insslbergg peneplain of solution -panplain or plain
of lateral stream erosion
Interruptions of the cycle .
Terraces? definition. Define grezde, floodplain7 nickpoint

eggredation of streams Profile of deposition-relation of curve of
transportaion. Plets of outwesh streams, alluviel fans, etc.
Exponent 7/10 Slope then inverse to 3/10 power.
Aversge or meend size of sedimentmust be considered not meximum size

GAr M 440 Plummleys observation that(%og=ﬁ£*geom. mean directly proportional

to slope. Hence fall would be related to %Phdueﬁwofﬂgnmrﬂnr%hnr

g2 ofsame-minus—gom: This involves & change of g.m. with distance

4o of trensport. Sternbergs "law" which wes given originally
as a percentege change of size or vmpiable exponent in which
i0)53cj‘Lis‘l'.zarac9 of trensport is modified for kind of rock

Chenge of slope with distance on melting back of ice. Increase in
discharge also modifies result

Fill of valleys in “riftless area. Climete vs uplift?
Terrsce topogrephy scars, cusps, paired and unpaired, ice contact,
rock~defended

Correlation problem

Incised meanders(see before under misfit streems/, Ingrown vs entrenched
slipoff slope Inference from presence of entrenched meanders.
Destruction of meanders. <Yype of rock for preservation

Ll : :dy *,__f’],,i.lt-_\l 2 h il e T : (,/ ‘
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pvﬂ{ Streeme on floodplaing, nstural levee nctwork pattern braided pattern =3 ﬁ‘”W“wv
- sdering pattern Yazco tributsries, distributaries 0ld Yazoes VAT 4
lf§” i LV
Deltas internal structure,
Alluviel fans, profiles resemblance to outwesh plains
Natural bridges
Drainsze modifications-capture Case of different material in adjacent streams
:Froblem of how final capture is effected (Greybull typre of capture
Superposition === e
Ml | Antecedence
=N ‘- Evidence of cepture. snails Croshy J. G. 45:465 Jour. Geomorph 23251,
Case of Tennesee K. St. Louis River ete o A207
L 51hY
P

54-56,/}/ 2 iy e |

End point of cycle of erosion
Feneplain, definition original idea of humid climate
Method of removal of interstream ridges
Crickmay's idea based on faidure to find any pemeplains
G2 why should floodpleins increese in size with progress in the cylce?
ol climate needed? Cut benks residuals King concludes s savenne tyre
\/ Etchplain of Waylend= removel of weastherecd zone by lateral streem erosion
present only in humid tropics
J»5" Pediment-pediplane Name given by Howard includes both cut and built parts
Process of removal of weathered metecrial where resistence to erosion is
small. Controversy: lateral erosion of weter courses vs slope wash.
Relation to kind of rock to slope
depth of weathering
kind of weethering
covering derosits
degree of slope concavity of slope
regional extent
survivel of remnants of older cylces
[6ﬁﬁpﬁecognition of eroded erosional bevels
< Skybirzkezk Even skyline even ridgetops
}1531*‘ Residual asreas stream spzcing (Sheler)
Degree of adjustment of drainage to structure
Bevel of geology
Lithomlogy of monadnocks
Explanations of ever crests or summits

Spontaneous development- timher line- limit of glaeiation,
isostacy?

upwerd limit of intrusions, of metemorphism
Separation of levels Persllel lowering?
Horizontel growth of peneplein of pediment
= Buried surfeces-alterstion duvrirg burisl
tas I Water end wind gers 4 explanati;ns
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Stendirg weter gl-é3
Friction of wind ageinet water. reletion to roughness to turbidity of =ir.

setting up of rotational motion, why not seme everywhere? — 1’%\ i
g n < 2

Redius = R Vave length = L velocity = V T = time of per1cd s . -

: 3““’ LT
L=2piR R=L/2pi V=L/T =2“:|.(-P/g)‘1} 4 {i‘- 3 |

i
By substitution V= 2piR/2pi(R/g) ) or (gR)E Complexity of resl waves V’C %3;

Energy = sum of KE both verticel and horizontel V in either direction is component

i

1 —

of velocity around eirele( ein or cos depending on directionj %~;1¢*,i=ﬁuaj
& L

Bince KE = %mVQ and energy is obtained by integrtion of both hor. =and vert. e

.rr\_,

o
velocities we obtein E = unit whgt of waterj; weve §heigth / 8 E = wh /@[Q,\
ey
3
P P roblem of-getch. Empirical formula tekes no account of duration of wind

i

h= 1,3 fetch (stet. miles) Limit of extent of winds. X

/iﬁsDepth of weve work or\wave base. Is there s real limit considering currents?

Vaves in shallow weter. Deflection by refraction. Friction on bottom
Bregking of weves — undertow Rip currents to 2 m.p.h.
Other waves Sem e
onstancy of weve action compared to other forces
Efficiency of weves in moving debris. Loss of weight-horizontal movement
methods of erosion, cavitetion, pressure, moving debris

Currents., Alongshore component. Compere deep weter wave with breakers.
Lides,/true wind currente, density currente floﬂting of fresh water on salt.
emperature, rip currents X
oL d¢luimlf s n ddualy [seey
\ﬁf’ TWave erosion. Limit of work vertically. Caves, stacks, cliffs, hanging valleys
boulder lines. terreces, profile of equilibrium

ST
v hete
V' 3= e
1§T



63-66

# Subaquecusridges origin, distribution
[ac
elongshore transyortation. breakers vs aslongshore current
depositionsl changes of shore outline. spits, hooks, tombolos
offshore barriers cuspate pointe :
s m;}: G« - -
Cles-ification of shore lines. sulmerged  emerged  Jadh wovtmA Yy Aea
~VEﬁEpards classificetion primery or due to formstion of the land
“j) secondery or due to work of the sea and ite orgeniems
\ Cycle of development of shorelines feeesston o  Datvitys?
} enfoint of the cycle
f Pleistocene terraces of the Atlantic cosest., discrimination from stream forms
' cause of present level. glacial control theory

| 66-68 __ B9 im0z

Corel reef problem
Controls
neture of water-temperature Depth
other crgenisms
Low level of Pleistocene seass- presence of ice, cooling
Causes of shozls volcanic, tectonic
Emerged reefs
Submerged reefs
Growth of reef mainly on outside
No evidence that lagoons due to solution
Distribution known volcanic cores true atolls
Theories
Subsiding basement _ _ ——
Rising basement ~ HrawisA
Glaclal control
‘ests by boring, by emerged reefs. by depth of 1agoons

Bikini boring Science 1073’ 51-55, 1948 LPUNETA F 3
HRecent; calcareous ss and reef limestone 175 15
Pleis. poorly cemented white l,s, moulds only
Tertiary % 350 425
Limestone, soft, white and tan sand 360 725
“oft, sandy, sheallow water fossils 375 11c0
Limestone 35 1135

Sand, medium to fine, tan, few fossils 1121 2256
Wioccene below 1790 at €000=13000 hard material with velocity of
17000 ft./sec. Marked velocity break at €00 w1th gradual
incresse below to 11,000 ft./sec.
Furafuti hole to 1114 gll talus toward bottom recent fossile
N. Borodire hole to 1416 struck & Plio-Fleistocere dolomite ak 340

to
gpft muds sands, some limestone below passing into Miocene
end Cligocene
Great Barrier reel 21l recent to 732 Veltance, o (Bsrreasda,
A2 Borneo reef drilled to 1407 with no age determinations
oo > How could this amount of subsidence be explained? deep flow? cooling?
e compaction? or 7%

E Other orgenisms
selt marsh, mangorve, fresh mersh, moat problem, beach levels.



68-70
Submarine canyons

Discovery surveying methods echo sounding location methods

Description. Underwester contouring cross section slope tributaries,
reletion to continetel slope, to existing rivers. to drainage ereas
[
to deep sea  rough areas between valleys

Hypotheses = P
(1) Tectonic relation to enclosed basins? to structureito depth of water!

(2) Subaerial valleys
presence of gravel to depth

why the change of level? tectonic glacial, local uplift of shelf
sliding of valleys into depths relation to salinity

(3) Submerine origin : St
157/ density currents-glecistion— ' ' VOREYO DR\ A8 e
) mudflows or landslides

springs ~—Johnson-obJjection

earthquakei Ve
tides " :
e\ Ae, - Cirnnee



70-72 work of the wind

contest of wind vs vegetation

difference of wind from water. Loss of weight of particles in each:

av. density of eir =_1.22 x 1073 actual viscosity vs kinematic v130031ty.

game for water = 107° air v1scoslty Rix 10 kin, viscosity is divided by

density for air = .17 x 1073 / 1.22 x 10™3 = 0.14 which is much Bbove thet of

water Note error in omission of kinematic vis,on Paiilk

Terminel velocity of fall of particles in air. Normal upward component of

horizontel velocity is sbout ome fifth

Listinction of sand moved only near surface and in violent winds and dust
which may be Kept in suspension for long periods and reach high levels.
Divigion at ebout C.2 mm diameter = ‘;5’ Yy 7 5 f,,t Pat /4N

Movement of sand by sultation, impact dislodges grains or moves then on surface=

195 creep Small particles in suspension

. Manner of flow of air elways turbulent
Horizontal comp@nent of velcity retarded by drag on ground. Hor. vel. increases
at loz of heigth from gound lhen plats a straight line on semi-log paper.
Str 15ht line extends to O gt level k wn%ch is about 1/30 of surface roughness
_ Qrdinajily force is related to 5 degfity . V" | with air the drsg is related
[ to dgnSLty ault. by "dreg el"? Drag velocity is defined as tangent of slope
of the velocity line on semi log paper. Slope measured from vertical,
V# = vel diff in cm/sec divided by 5.75 x log hﬂigth difference.
V et any height z =,5.75 Vi log z/k
= (drag/density)

-

mi

Effect of sand movement on velocity vradlent Net effect is to raise the 0 velocity
point Ptylevel k' This point is not 2 0 vel. but is focus of all different
velocity lines is & velocity which is that of beginning of sand movement by
impact, the dynemic threshold. Distinguish from fluid thrgghold where there is
only slight movement of sand by air. Water has only the iégﬁﬁ threshold

Note Reynolds number should consider dymamiexxisessity kinematic viscosity.

Derivation of rate of transpori
final vel of grain = u distance of Jjuap 21 g = accel gravity, w=
drag = quamtity (Qs) X u/l or Density X Vi vert comp. velocity

i 1 2 .
now u/l = g/w hence Qs = d/g w. V%Z Now if wi V§ then Qs = const. V'j§

We can reach the same aonclualon from relation of power to force P =FV
Fs V'y then Fs V i
To this must be added material moved by creep (¢
Now by the demonstration of Fig. 135 we can substitute V,-V, for V'y
and arrive at rate for net w1nd velocity at fixed 1evgl z Note misprints
Constant d/g = 1.22 x 1073 / ,98 x 103 = 1.25 x 10”

Comparigon with water luch less loss of momentum in air. Friction much greater
in water No impsct displacement of particles in water. Importance of
bottom roughness bottom becomes smooth again at 7 Vi is greater than av.
gettling velocity .

7 = \ 174 ”
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Suspension begins when Vi is greater than settling velocity /7 which is not seme as in
water where grains move like part of water when in suspension

Falling velocity proportioneal to grain diameter over & wide range hence a fair
approximation is quanity = V§3/ D

Threshold velocity to grain size Greins must be raised at angle of repose of loose
sand ’ 2
Equate forjce = resistanc?)hence ? Andag T Ainin, VB

i L]
Py J

A Vi = constant x (effective whbght D/ eir demsity): that is with other

things equal Vif is proportignal to square root of grain diameter D This holds only
for grains over 0.25 mm diameter. Constant is 0.1 for such and larger whereas it is
0.2 in waeter. When Keynolds number Vi D/ kin. viscosity exceeds 3.5 a greater drag
is required ¥or D less than 0.2 mm constant increases. Note similar change with water
Cohesion interferes with force needed to start small particles.
Impect threshold = when impact becomes important, Fluid threshold is first stert of .
P o motiomw. Water has only a fluid threshold |~ "-uﬁ~;#,;;;> ,»UPAJ
Land forms produced by wind Nt o e
Erosion
Hollows, pillars, measas, Notable hollows, Big Hollow, Wyo. Qﬂ;;a Depression
Basin-Ranze problenm
/95 E
Depositio
Sources of sand in humid regions
Erg of deserts

Humid land dunes- = contest of wind vs vegetation
; Beach dunes, foredune form
J9*  Wind eroded hollows or blowouts. wind direction
Complex dunes of belt of westerlies
How to tell wind direction by slip face

Afid land dunes
Shadow dunes
Barchangde dunes distinguish from blowout dune
Seif or'longitudinel dunes. distribution slip face both sides theories
Whelebacks
Sand sheets

Loess
origin, nature 1land forms like snowdrifts



Work of ice

76-78
'ﬁ e 4 | b & s A b Aniiilaen
ethod of approach Ul gootags YA AA8alon A
T | ¢ ) /
.Definition of glacier s 2
Origin of ices s&nalogy to rock alterstion :
Physics of motion. (oefficient of viscosity. Solid, plastic, fluid
Threshold stress or force. j-':.ff:ch.llty of experiment
differen{es in value of coefficient Critical aepth”
Temperature in ice. Polar vs temperate glaciers
1952~ Gravity vs. extrustion flow. ~ifficulty of demonstrstionm of latter
contlnenj?1 Blac1er flow heversal of relatlon of depth to velocity
) o G35 : =< hbs :
Ice erosion :
/9 @rinding vs plucking. '
4 Friction = wt. x coefficent of friction “%elght“not simply thickness but
resultant of motion and ‘weight : 2
Power = force x velocity Now for viscous flow v ¢ D hence power
should be related to.cube wof depth in fact since viscosity is
also affected by depth powegf increases more repidly than cube
giving a great adventage ‘to thick glaciers
Plucking related to pressure melting and refreezing. Experiments
.1 deg C for 2100 meters
power adventage of plucking vs grinding
Flucking replaced by sapping in bergscrund. Effect of normal
freezing .of meltwater from above. :
Evidence of ice erosion by valley.glaciers
' Cirque, corrie, cwm
{ .Rock basin

—

145 _ U cross sectien or catenary

-~ - Flord with threshold oﬁu»r<ﬁ~<}':"“‘w;
lu,fjﬁ’”/’ “oche moutonee Von Engeln S 2
‘ ﬂb 7 Cycle of mountain glaciation. Examples in field
_,——'/ T

Lep031t10nal forms valley glaclers ' \’ﬁf;
Work of glacial meltwater. v wiwdiof A WEUA
valleys a cross divides scablends potholel, ete.
Depositional forms '

Erosional forms of continental glaciers

195 Finger Lakes Greast Lekes
: L
Depositional forms of contnental glaciers 2
Endmorsines ground morsine drumlins _:(;T
Work of continental meltwaters|. uerla oy A" &
Outwash eskers - s e v

Work of expending ice on lske shores In north latitudes

= polygon bea d stre » earth flows moun omwb'—W~J3L“'
M- vegetat denCe f depth to permafrbat ‘q;ﬁiné\qs“permafr gt
‘} f‘;.b;‘“! ? b
£ “‘-{ 2t L N
” =g 0 o)



Balchin, W. G. V, and Fye, N. Piedmont profiles im the mix arid cycles
Geol. hssoc. London, Frod. 661 167-181, 1956

“hese authors mzde a trip to gsouthwest U. S. to test the theories. They divide imto
$orms due to erosion and forms due to deposition. Mountain slopes range from 25 deg
to vertical. Retreet parallel due to unimpeded removel of products of wceathering.
Actual slope depends upon jointing which fixes size of blocks. Telus slopes very from
25 to 45 degrees. Fresence or absence depends upor relstive rates of weathering and
removel. Behada form erises in piedmont zone along with erosion of canyons above.
Fans may reach 20 deg slope but 7 down to 1 deg more commpon. Fane mey be confused
with true pedimmet. Materiel is dillstinctive Pedin{ hes been confused. They
limit it to exposed rock surfacelesst slopes opposite largest canyons, steeper slopes
next mountains between cenyons. Rocks must weather into small fragments to make
jpediments. Veneer of debris very thin where present. Does this surface extend
below elluvial deposits below? Tried boring. No luckGrade is uniform Some evidence
suggests steepening eway from mounteins, convex Eform' see Lawson. Surface is rough
end not smooth. Stream flcod ection not determined Alluvial zome outside of ped ts.
Less than 5 degrees Limits pedimnet to depth of cover thin enough for weathering.
Combined pediqgit end alluviel zone or peripedimnt meke wup pediplane. Sudjen

increese in thickness of cover into a fault trough. Brlow this may have either plaeye
leke deposits or streem terraces. Iransverse profiles-mountaine are uniform or level
Bshade is undulating. %pdiment theories very. Rock fans of Howard and Joknson.
Concave according to “avis. They found level profile. Same in peripediment end %
playzs. FPiedmont engle ie dietinctive between gravity controlled slopes of

mountains to fine sediment on pedimnet slope Removel must xm be by sheet or rill
trensport as fast as weathered meterisl is formed. Not work of lateral erosion.

Cen be locally present omlye Howerd. Find thet eimiler rocks with similar climate
give same forms but slightly different rocks with same climste or same rocks

with different climate meke different forms.Limited erosion of rock surfece in pediment
gone. Excessive weethering may bury piedmont engle. porducing bshadas
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o 5 GEOLOGY 109
| GEOMORPHOLOGY

Review questions : Edition 194647 :
The following questions are based on examination questions already used.
They may be drawn upon for future questions although wording may be changed.

(1) List climatic phenomena which affect rate of weathering.

(2) 1ist climatic phenomena which affect rate of erosion.

(3) Describe the major causes of preclpitation and discuss present and past
distribution.

(4)Define: trade wind belt, blet of westerlies, equatorial rain belt,
cyclone, polar front, air mass, monsoon, anticyclone, two tyves of runoff.

(5) Define: weathering, soil, mantle rock, soil profile, caliche, podsel,

* prairie soil, pedalfer, pedocal, chernozem, laterization, conductivity,
solifluction, creep, landslide, residium, liquid, viscosity, porosity,
permeability, exfoliation g

(6) Discuss results of temperature changes including frost.‘ ,

(7) Compare control of soil formation by elimate and by parent ma, erﬁl“ & a

(8) Discuss relative susceptibility of minerals to both mechanieal and ;
chemical weathering.

— (9) Discuss relative r951stapce of rocks to both mechanical and chemical
weathering,
(10) Compare land forms due to ereep to those ‘caused by landslides.
af(llijberlve mathematical form of creep slopes.
(12) Discuss exfoliation and resulting land forms.
(13) Discuss solution, including kinds of rocks affected, rate, limit to rate,
primary and secondary porosity, circulation of ground water, redeposition.
(14)-Discuss topographic effects of solution and cavern formation.
(15) Define: continental shelf, continental slope, gravity, anomaly, isostacy,
stress, force, strain, law of square and cube, strength, strain (volumetric
and linear), compaction
'(16)\What two lines of evidence definitely show that material below the
EOntinents is lighter than that below ocean basins? Dismuss fully.
(17) Show how time required for isostatic readjustment is computed and
. discuss how this affects the problem,
(18) Discuss types of volcanic activity in relation to nature of ejected
materials. :
(19) Discugs pedation of composition and temperature of lava to viscoity
ineluding bemring on resulting land forms.
2¥0 redbafiion of composition of voleanic materials to land forms.
e (22 at factors control slope of ash cones? of lava domes? ?
"/ (22} Discussfcraters,fcalderas. voleanic sub51dence,>volcan1c necks, d1ke~
4 T7=3Mges,’ cryptovulcanism. .. ‘el [ 7™ - \

(23) How is topography due directly to recent earth movement distinguished

from forms controlled by erosion of ancient uplifts? Examples?
y/~{24) Discuss craters due to impact, including the Carolina Bay problem.

__(25) pefine: force, work, power, competence, transportation rate, capacity,
hydraulic radius, slope, laminar flow, turbulent flow, shooting flow,.
slopewash, sheet flood, Mannings formula, formula for laminar flow, formula
for mixed flow, mixed flow, cavitation, erodabilty, settling velocity,
impact law, suspension, bed load, slatation, Stokes ILaw, hydraulic 1ift,
Archemedes principle, overland flow

(26) Discuss relation of force need for erosion to that required for trans~

e portaion of different sized particles. Rl gy
-] 7=(27) Discuss derivation and application of "sixth power lawh g, &7 ~
.. (2B) Discuss derivation of formulas showing relation of load to velocity of
streams including experiments.
—(29) Define: effective weight, effective density, bed velocity, critical
velocity, meander, meander belt, cutbank, rotational force, bifurcation
ratio, cut—-off, oxbow, stream density, drainage texture, consequent,



De 2, Review questions, geomorphology, edition 1946-47
subsequent, superimposed, antecedent, nickpoint, natural levee, ingrown, slip-
pff, sweep, floodplain, network, braided, monadnock, pediment, peneplain, tractive
force, free-fall velocity, Playfairs Law, cross—grading, kinetic energy
(30) Explain several ways in which the force exerted by a stream on its bed can
be computed.

(31) Compare kinetic energy of stream with the with the retarding force exerted
by its bed telling how energy is absorbed.

(32) Discuss factors which control the horizontal shape of stream courses inclu-
ding meanders, braided streams, etc.

(33) Discuss factors which control width and cross section ef stream channels and

—.the 1line of maximum transportation.

(34) What factors contrgl the radius of meanders and width of meander belt?

(35) Discusss entrenched meanders (meandering valleys) including cause, size, cut-
offs, misfit streams.

(36) Explain attempts to find a mathematical expression for stream profiles.

(37) Discuss cause of effect of rotation of earth on stream courses (do not derive
the formula but tell its relation to latitude).

< (38) Compare merits of two methods of expressipe erosive force of overland flow
or slope wash and equation of slopes of constant force.

(39) Discuss the cause, width, and variation of width of the "belt of no erosion”

including its effect in considering erosional history.
; Jﬁf (4) Define stream order and account for the fact that there is a mathematical
’ AL law which governs the bifurcation ratio.

}%H“\a 41). Discuss cause of variation in entrance angle of tributary streams.
:;g é{%42)rhxplain relation of drainage pqgterns to geology.
// ‘CEE) What relation do different kinds of original surface have to history of
erosion and resulting land forms!
(44) Discuss processes which widen stream valleys ‘and reduce the level of divides
including production of level areas on divides.
(45) Discuss the problem of the endpoint of stream erosion under different
climatic controls,
(46) ' Compare features of peneplains and pediments.
(47) Describe topographic form of stream terraces and explain several conditions
which give rise to terraces.
P Describe and discuss origin of depositional landforms due to stream work,
( k( _ )| How is stream capture brought about and what evidence is needed to prove that
s B t has taken place?
" (50) Account for natural bridges in limestone and in other rocks.

(51) Compare merits of different evidences which have been used to discriminate
the survival of remnants of erosion surfaces of different ages inelvding
alternative explanations and field examples.

(52) Give several explanations of water and wind gaps, including the theory that
the latter record erosion levels or "local peneplains".
(53) Discuss the proper use of peneplain, peneplane, terrace, local peneplain,

N osion level, rock terrace, treppen, pediment.

/ j;\§§ ézégzjbefine: wave of oscillation, wave of translation, wave velocity, fetch,

K:/ Al | heigth, wave period, energy, wave refraction, undertow, glongshore current,..
e\ breaker,' wave base, tide ?éubaqpeous ridgeg,low and ball,e%®atic, hook, 2 Luvalet
ROr barrier, {boulder 1: line, spit, bar, tombolo, atoll, barrier reef, fringing reef,

glacial contrhiT?Eﬁgﬁéfé"forelend echo soundfﬁgf“”—

(55) Discuss mathematieal relstidn of waves to fetch, period, length, heigth
veloecity of progress, includlng both deep and shallwmw water conditions.

(56) What controls denth to which waves disturbe the bottom? currents?

~(57) .How do waves erode theshore, transport material offshore and alongshore?

(58) Discuss causes of gurrents in lakes and sea including their relation to
transportation of sediment.

(59) Describe and account for the results of wave erosion and wave deposition.

(60) Discuss the endpoint of wave erosion giving examples and telling how

diseriminated.
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(61) Compare the merits of two or more different systems of classification of shore-
———1ines
Discuss the idea of a cycle of shoreline development and its application.
(63)) Discuss evidences of changes in amount of water in the oceans and changes
An capacity of the ocean basins.,
;(64)\Exb1~1n the controversy over formation of coral reefs comparing merits of the
“~—_geveral hypotheses. .
(65) List the factors which control rate of growth of corals and places where they
(L “begin to form reefs.
55 (66) )What other organisms besides corals cause shoreline changes in fresh water,
V|/| ~. "In salt water,
i (67) Discuss the problem of discovery and mapping of submarine t0pogranhy.
(68) Deserib e the physical features of submarine valleys or canyons.
(69) Compare the merits of several theories of origin of submarine valleys includ-
ing the general classification of such hypotheses.
(70) Define: dust, sand, terminal velocity, sand-storm, drag velocity, velocity
gradient, dynamic threshold, impact threshold, blow-out, desert pevement,
dune, slip~face, foreset, whaleback, barchan, seif dune, longitudinal dune,
hammada, sand sheet, erg, loess, catstep, creep, saltation in air.
(71) Discuss difference of behavior of dust and sand in air.
(72) What relation has the velocity gradient of wind to the ground surface?
~{73) What effect do gentle winds have on sand distribution? strong winds?
(74) what is effect of sand movement on surface wind?
(75) Derive the law which governs quanity of sand transported in given time by
wind of given velocity.
—(76) Compare sediment transportaion by air with that by water.
(77) Discuss suspension of debris in air.
(78) Discuss relation of threshold velocity to size of material.
(79) Describd:, and account for the land forms due to wind erosion.
(80) Discuss the land forms due to wind transportation and deposition in humid
elimate, Y
(81) Describe and account for the land forms due to wind transportaion and
e==deposition in an arid climate.
Comare the merits of two explanations of seif or longitudinal dunes, -
hat evidence proves that loess is transported by wind?
Describe and aceount for land forms due to loess deposition and to erosion
of loess.

(85) Discuss the source and age relations of loess,

(86) Define: glacier, valley glacier, piedmont glacier, continental glacier,
gravity flow, extrusion flow, plucking, sapping, till, drift, cirque, hanging
valley, rock bais, ice fall, fiord, roche moutonee, terminal moraine, endmoraine,
lateral moraine, medial moraine, valley train, scabland, drumlin, esker, cre-
vasse filling, outwash, ground moraine, kettle hole, drift plain, till plain,
pitted outwash, pressure melting, ice-push ridge. ;atement

(87) Describe formation of glacial ice and methods of flow inecluding P
of formulas for gravity and extrusion flow,. ~

(88) Discuss methods of erosion by valler glaciers including formation of cirques,
hanging valleys; roche moutonees, formula for power of glag¢ier.

(89) Distinguish between and account for drowned valleys and fiords.

(90) Deseribe and account for the depositional land forms of valley glaciers.

(93) Describe and account for the depositional land forms of continental glaciers
“and associated meltwater.

(92) Discuss and describe land forms due to erosion by continental glaciers.

(93) Compare merits of several different ways of showing iand forms on maps,
gnd drawings, or other illustrations.

(94) Discuss methods of drawing profiles (q;ass sectiors) and, their use in studies

: -of. gemorphology. L Al VA gromeddd. Ay
( @ )/ (957 Egplain merits of aerial photographs, their d:sandvantagesuand the methods
i k\- ~of use. AN /
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(96) Explain methods of meking block diagrams including their advantages and
disadvantages.
(7) EHow con faults be distinguished in aerial photographs? on maps showing
topograohy?

. (98)  Why are some lines of faulting marked by valleys and others bv ridges?

(99) prlaln how topography may be used to work out structure of folded rocks.
(100) mow do gently inclined sedimentary formations affect topogrephy?

(101) Compere topographic effects of sedimentary strata and lave flows,

(102) Definz: Gin slope, pitch, antielinal ridge, synclinal ridge, monoclinal

dge, hoghack. flatiron.

&Eggi} Compare mcrits of more than one theory of origin of even—crested ridges
dused by resistant formatio

(104) How do you discriminates between antecedent and superimposed drainage?

(105) Why has the subject of poneplaination beer so greatly siressed in many

gportst
ff15§3§ Discuss btasic postulatss on which the theory of the cycle of erosion is
«%ﬁsed including possible variations of these assumntions.
(107) To what extent is the idee of the cycle of ernsion based on fact and
“t"nhht extent upon reasoning only :
(108) Compare the development of the ecycle of erosion in humid and in arid eli-
mates,
(109) Deces the cycle concept apply to other processes than running water?
Explain fully,
(110) Compare aivantages and disadvantages of the quanitative approach to
geomoernhology.
(111) Exrlain fully the process of mathematical analysis of slopes.
(11~) Compare relatlvb cegrec of success in applieation of mathematics to

\ _different procccses, iacludirg what canle done %o improve results.
’”ﬂ7113 Discuss ways in which geomorphology is an aid to geology.
\L

Where can the line be drawn between geology and geomerphology.
(115) ‘Discuss advantages and disadvantages of technical terms.
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GEOLOGY 109
GEOMORPHOLOGY

Review questions Fdition 1946-47
The following questions are based on examlnation questions already used.
They may be drawn upon for future questions although wording may be changed.

(1) List climatic phenomena which affect rate of weathering.

(2) 1ist climatic phenomena which affect rate of erosion.

(3) Describe the major causes of precipitation and discuss present and past
distribution.

(4)Define: trade wind belt, blet of westerlies, equatorial rain belt,
cyclone, polar front, air mass, monsoon, anticyclone, two tyves of runoff,

(5) Define: weathering, soil, mantle rock, soil profile, caliche, podsol,
prairie soil, pedalfer, pedocal, chernozem, laterization, conductivity,
solifluction, creep, landslide, residium, liquid, viscosity, porosity,
permeability, exfoliation

(6) Discuss results of temperature changes including frost.

(7) Compare control of soil formation by climate and by parent material.

(8) Discuss relative susceptibility of minerals to both mechanical and
chemical weathering.

(9) Discuss relative resistance of rocks to both mechanical and chemical
weathering.

(10) Compare land forms due to creep to those ‘cauged by landslides,

(11) Derive mathematical form of creep slopes.

(12) Discuss exfoliation and resulting land forms.

(13) Discuss solution, including kinds of rocks affected, rate, limit to .rate,
primary and secondary porosity, circulation of ground water, redeposition.

(14) Discuss topographic effects of solution and cavern formation,

(15) pefine: continental shelf, continental slope, grevity, anomaly, isostacy,

stress, force, strain, law of square and cube, strength, strain (volumetric
and linear), comp=ction

(16) What two lines of evidence definitely show that material below the
continents is lighter than that below ocean basins? Dismuss fully,

(17) show how time required for isostatic readjustment is computed and
discuss how this affects the problem,

(18) Discuss types of volcanic activity in relation to nature of ejected
materials.

(19) Discuse relation of composition and temperatu:e of lava to viscoity,
including bearinz on resulting land forms.

(2)) siwegasreddiation of composition of volcanic materials to land forms.

(21) what factors control glope of ash cones? of lava domes?

(22) Discuss craters, calderas, volcanic subsidence, voleanic necks, dike
ridges, cryptovulcanism,

(23) gow is topography due directly to recent earth movement distinguished
from forms controlled by erosion of ancient uplifts? Examples?

(24) Discuss craters due to impact, including the Carolina Bay problem.
(25) pefine: force, work, power, competence, transportation rate, capacity,
hydraulic radius, slope, laminar flow, turbulent flow, shooting flow,

slopewash, sheet flood, Mannings formula, formula for laminar flow, formula
for mixed flow, mixed flow, cavitation, erodabilty, settling velocity,
impact law, suspension, bed load, slatation, Stokes Iaw, hydraulic 1ift,
Archemedes principle, overlané flow

(26) Discuss relation of force need for erosion to that required for trans-
portaion of different sigzed particles,

(27) Discuss derivation and apnlication of "sixth power law",

(28) Discuss derivation of formulas showing relation of load to velocity of
streams including experiments,

(29) Define: effective weight, effective density, bed velocity, critical
velocity, meander, meander belt, cutbank, rotational force, bifurcation
ratio, cut-off. oxbow. stream density. drainmge texture, consequent,
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subsequent, superimposed, antecedent, nickpoint, natural levee, ingrown, slip-
pff, sweep, floodplain, networlk, braided, monadnock, pediment, peneplain, tractive
force, free-fall velocity, Playfairs lLaw, cross-grading, kinetic energy

~-(30) Explain several ways in which the force exerted by a stream on its bed can
be computed.

(31) Compare kinetic energy of stream with the with the retarding force exerted
by its bed telling how energy is abgorbed.

(32) Discuss factors which control the horizontal shape of stream courses inclu-
ding meanders, braided streams, etc.

(33) Discuss factors which control width and cross section ef stream channels and
the line of maximum transnortation.

(34) That factors control the radius of meanders and width of meander belt?

(35) Discusss entrenched meanders (meandering valleys) including cause, size, cut-
offs, misfit streams.

—(36) Explain attempts to find a mathematical expression for stream profiles,

(37) Discuss cause of effect of rotation of earth on stream courses (do not derive
the formula dut tell its relation to latitude).

(38) Compare merits of two methods of expressiyg erosive force of overland flow
or slone wash and equation of slopes of conatant force,

(32) Discuss the cause, width, and variation of width of the "belt of no erosion”
including its effect in considering erogional history. .

{4) Define stream order and account for the fact that there is a mathematical
law which governs the bifurcation ratio.

(41) Discuss cause of variation in entrance angle of tributary streams.

(42) wxplain relation of drainage vetterns to geology.

(43) What relation do different kinds of original surface have to historv of
erosion and resulting land forms i

(44) Discuss procesces which widen stream valleys and reduce the level of divides
including production of level areas on divides,

{45) Discuss the problem of the endpoint of stream erosion under different
climatic controls,

(46) Compare features of peneplains and pediments.

(47) Deseribe topographic form of stream terraces and explain several conditions
which give rise to terraces.

(48) Describe and discuss origin of depositional landforms due to stream work.

(49) How is stream capture brought about and what evidence is needed to prove that
it has taken plece?l

(50) Account for natural bridges in limestone and in other rocks.

(51) Compare merits of different evidences which have been used to discriminate
the survival of remnants of erosion surfaces of different ages including
alternative explanations and field examples.

(52) Give several explanations of water ané wind gaps, incluﬁiqg the theory that
the latter record erosion levels or "local peneplains'.

(53) Niscuss the proper use of peneplain, peneplane, terrace, local peneplain,
erosion level, rock terrace, treppen, pediment.

(54) Define: wave of oscillation, wave of translation, wave velocity, fetch,

wave heigth, wave period, energy, wave refrrction, undertow, glongshore current,
breaker, wave base, tide, subagueous ridgze, low and ball,eustatic, hook,
barrier, boulder line, spit, bar, tomvolo, atoll, barrier reef, fringing reef,

glacial control, cuspate forelsand, echo sounding. ;

(55) Niscuss mathematical relation of waves to fetch, period, length, heigth,
velocity of progress, including both deen and shallow water conditions.

“.(56) That controls denth to which waves disturbe the bottom? currents?

(57) BRow do waves erode the ghore, transvort material offshore and alongshore?

(58) Discuss causes of gurrents in lalres and sea including their relation to
transportation of sediment.

(59) Describe and account for the results of wave erosion and wave deposition.

(60) Discuss the endpoint of wave erosion giving examples and tellingz how
discriminated.
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(61) Compare the merits of two or more different systems of classification of shore-
lines

{62) Discuss the idea of a cycle of shoreline development and its apnlication.

(63) Discuss evidences of changes in amount of water in the oceans and changes
in capaclty of the ocean basins.

(64) BExploin the controversy over formation of coral reefs comparing merits of the
several hypotheses.,

(65) List the factors which control rate of growth of coranls and places where they
begin to form reefs.

(66) What other organisms besides corals cause shoreline changes in fresh water,

in salt water, :

(67) Discuss the problem of discovery and mapping of submarine topography.

(68) Descrid e the phvsical features of submarine valleys or canyons,

(69) compare the merits of several theories of origin of submarine vallevs includ-
ing the general classification of such hypotheses.

(70) Define: dust, sand, terminal velocity, sand-storm, drog velocity, velocity
gradient, dynamic threshold, impact threshold, blow-out, desert pevement,
c¢une, slip-face, foreset, whalebnck, barchan, seif dune, longitudinal dune,
hammada, sand sheet, erg, loess, catstep, creep, saltation in air.

(71) Discuss diffcrence of behavior of dust and sand in air,

(72) What relation has the velocity gradient of wind to the ground surface?

(73) What effect do gentle winds have on sand distribution? strong winds?

{74) What is effect of sand movement on surface windp

(78) Derive the law which governs quanity of sand transported in given time by
wind of given velocity.

(76) Compare sediment trqnsport“1on by air with that by water.,

(7?7} Discuss suspension of debris in air,

{78) Discuss relation of threshold wvelocity to size of material,

(79) Describ: and account for the land forms due to wind erosion.

{d0) Discuse the land forms due to wind transportation and deposition in humid
glimate., ;

(81) Degcribe and account for the land forms due to wind transportaion and
deposition in an arid climate.

(82) Comere the merits of two explanations of seif or longitudinal dunes.

(83) What evidence proves that loessz is transported by wind?

(84) Describe and account for land forms due to loess deposition and to erosion
of loess.

{85) Discuss the source an® ase relations of loess.

(85) Define: glacier, valley glacier, piedmont glacier, continental glacier,
gravity flow, extrusion flor, nlucking, sapping, till, drift, clrgue, hanging
vallev, rock bais, ice fnll, fior?, roche moutonec, terminal morsine, endmoraine,
lateral moraine, medinl moranine, valley train, scabland, drumlin, esker, cre-
vasse filling, outwash, ground moraine, kettle hole, drift plain, till plain,

pitted outwash, pressure meltine, ice-oush ridge. statement
{87) Describe formation of glacial icc and methode of flow including - ok 3
of formulas for gravity and extrusion flow. i

(88) Discuss methods of erosion by valler glaciers including fornﬂtion of cirgques,
hanging valleys; roche moutonees, formula for power of glac¢ier

(89) Distinguish between and account for drowned valleys and fiords.

(90) Meseridbe and account for the depositional land forms of valley glaciers.

(91) Describe and account for the cepositionel land forms of continental glaciers
snd associated meltwater. :

/92) Discuss and describe land forms due to erosion by continental glaciers.

(93) Compare merits of several differcnt ways of showing lond forms on maps,
gnd drewings, or other illustrations.

(94) Discuss methods of drawing profiles (cross sections) and their use in studies
of gemorphology.

(95) Explain merits of aerial photographs, their disandvantages)and the methods
of use,
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(96) Explain methods of meking block diagrams including their advantages and
disadvantages.

(Q?) Eow can faults be distinguished in aerial vhotogranhs? on maps showing

" topogravhy?

(98) Why are some lines of faulting marked by valleys and others by ridges?

(99) Exnplain how topography may be used to work out structure of folded rocks.

(100) How do gently inclined sedimentary formations affect topogrephy?

(101) Compare topogravhic effects of sedimentary strata and lave flows.

(122) Define: dip slope, piteh, antielinal ridge, synclinal ridge, monoclinal
ridge, hogback. flatiron,

(103) Compare merits of more than one theory of origin of even-—crested ridges
cavged by resistant formations.

{104, How do you discriminated between antecedent and superimposed drainage?

(105" Why has the subject of peneplaination been so greatly stressed in many

r"nort 7
(1€%. Discuss basic postulates on which the theory of the cvcle of erosion is
sed including possidble variationg of these assumptions,

(IC?} To what extent is the idea of the cycle of erosion based on fact and
to chat extent upon reasoning only?

(108} Compare the development o* the eyele of erosion in humid and in arid cli-
mates.

(109) Does the cvcle concept apnly to other nrocesses than running water?
Bxplain fully,

(11C) Compare advantages and disadvantages of the quanitative approach to
geomorphology.

(111) Explain fully the process of mathematical analysis of slopes.

(112) Compare relative degree of success in appliention of mathematics to

different processes, including what can'te done to improve results,

(313). Discuss ways in which geomorphology is an aic¢ to geology.

(114) Where can the line be drawn between geologyr and zeomorphology.

(115) Discuss advantages and disadvantages of technical terns.,



Mesndering of rivers, bascd on cxperiments by J. F. Friedkin at U, - P
Waterways Dxperiment Station, Vicksburg: '

The artificial stream uscd varied from 1 to 5 feet in width, 50 to 150
foot in lencth, 0.05 to 0,3 fcet in denth, and had o dlschhrme up to 0,15
ft3fsec (second feet). The conclusions were (with 2 few a2dditions by the
writors

Mehnderin{ is duec to deflcction of the current apainst a bank locully ine
creasing turbulence and cousing cevinge Deflection is due to - obstacles.
No effect of the rotation of the earth was observed. The only requirenent
for nmeandering is bank erosion, Anmount of nmaterisl thus nade svailable to
the sirean is governed by nature of the bank and the angle of attack of the
curront,

The strean channel is altered in an endeavor to carry off this locallye
derived load and thus bdring the channel into equilibriun with anount of
sedinent, Rate of bank crosion is not reloted directly to rate of downe
strean sond movenent,

Sand is carried scross the channel to next bar on the other side downe
strean, thus trading sedinent from one bank to the other. At the bar
veloelty of current is 2t a ninirmun, e

Rate of bank erosion is Cdeccreased by increase in slope or discharge, by
inerease in length of the strecnm, by straichtening which reduces the angie
of attack, end by shoalinsi. Thus rapid streans do not meandere

With relatively low velocity of the stream a bend begins to forn, which
by deflecting the currant fron side to side causes other bends below which
are erofed into the bank his is like a ball rolling dowvm a trouch when
deflected to one side. Mﬂteri"l thus derived fornms bars which cross to th:
convex points of the other bank vhere sand is deposited. Thus a strean
becones a serics of deeps and bare or crosgings. Crossings are eroded at
low waters,

s



Lhen :

If the river banks sre very cesily eroded the channel becones very wide
and shellow thus making & braidel stremn, Brrided streens peintein a
rolatively steep slopes Long straisht reachzs of rivers oxhibit this
character. 3 ;

“atoc of meandering depends upcn the natorials of ths hanks es doce dopth =
of tho ehannel, Resistont nateriel i mesocinted with Coep wober and little,
if eny, neandering {or banik erosion), Slone is least in rosistant naterialse
Scour of the decper nerte of the tod results “rom eithor decreasc in ancunt
of sodiment or inercase in velocity., Deposition is due to the conversas

Mo curves of the nmeanders are smooth in uniforn natoriels noa-uniformity
of materiel causes irresularitiese

Hesders nicoate stcatily downstroan in uniform moterial and ncver rorn
entofis throv s the uarrow nccks. Such are the rcsult on noneun” Zorn
raver.al slov i . un pord of one bond.™

Tha 7 ~dius o su:7einre of the meanders inereases with hoth slone and
dischrizes thus omuy large riveors nake largc neandevs.

Lenria of berds is ajrectiy provortional to dischrorre end siope but width
£ the neanferiug zone increases with both ot less =han direct gvonortione
eagtl of bonds is inverse o anzle of attack, but width incressue at less
hap direct ¥abioy tiws the radius »f the benfe is Cocroescds Tha angle of
wtionk varice with veloeity of flow,

‘Simicasity (length of the strean cormarod with airline distance down
valley) is directly ineroascd by discherge but incroeases at less than
direcet ratio to slopce

Width of bends is linited by formation of chutes or short circuits across
points fnot to be confused with cutoffs). :

The three variables, dischorpe conbined with channel form, enount of mo=
ving send, and rate of benk orosion nre interrelnted. Increase in slope
is counteracted by increesse in veolocity so that o smaller channel with les:2
hydraulic radius is required for the sane discharsc. Cormplete balence nf
these factors is never ottained in nature. In the velley of the Missiesippd
below Cairo, the bank naterial becones nropressively finer and nore resistan¥
downstrean. Thus slope Cecroases dovmstroen along with rate of bonk erosione
Meandering stops near New Orleons and depth of the channel increeses down:
SLrean, :

“ato of neendering is slowed in soft material by the wider and challower
strean channels. & natural river has n variable discharge and hence is
contimunlly changing the forn of its hed.

+ = o
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Permafrost In Relation to Land Forms
par 1, ps 3

Introduction: Permafrost or perennially frozen ground is important to land
forme in its effect on (a) weathering ¢ (b) erosion, (c) ground water circulation,
and (4) formotion of relief both by the freezing and the melting of ice. Although
known for many years attention has been devoted to this problem recently because
of its effects on the workd of man, Oriteria for its recognition from surface
indications are, therefore, important. Attention has also been given to the former
distribution of permafrost, which has left a record in land forms.

Origin~Sources of heat: The surface of the earth obtains heat by (a) direct
goler radiation, (b) conduction from the air, (c) conduction from the interior
leal of the globe, and (d) from latent heat set free by eondensation of atmospheric
mo’ etures Study of (e) has been based upon known rates of downward increase
ef iemperature in drill holes and mines combined with laboratory determinations of
ke conductivity of the materials of the erusts It 1s generally believed that the
raie of heat transmission from the interior of the earth is very slow, probably
less than 0.2 caloriesfcm?/day. Average conductivity for rocks is generally given
zs about 340 cal/cmz/day/deg. 8., for ice &s 457, snow as about 43 and water as 118,
In cther words, the conductivity of solid ice is much above that of water or rock.
Confuctivity of mantle rock or permjpgble materials is greatly affected by the
presence of elther ice or water, parvicularly if the latter is movings The low
r25e of heat escape from the earth is due to the prevailingly low temperature
gradient., Although the conductivity of air is very low, about 1 percent of ice,
its specific heat (.237) is relatively high, almost half that of iee{.502). This
property mekes Lt possible for warm winds and rain to contribute much heat to the
eatiih by conductions Direct solar radiation decreases with latitude because of the
low angle of the sun's rays to the horizon but although the very long days somevwbat
compensate for the short northern summer. Direct radiation may contribute several

hundred calories to a square centimeter per day. Formation of fog may contribute
mich heat.

Loss of heat: Heat is lost from the ground by (a) conduction into the air and
(b) radiation. Loss of heat is impeded by both snow cover and a mat of wegetation.
Both have very low conductivity and serve to keep out heat from the sun. 3But both
are good radiators and promote loss of heat to the air when the ground is the
warmer of the two. In the Arctic strong winds keep snow from accumulating to great
depths by concentrating it into local drifts, whose summer melting is the source
of streams of water. In most northern lands snowfall is not heavy. In order to
have freezing of the ground it is necessary first to have moisture present, for
dry materials cannot be frozen. Second, the temperature of the ground must be
reduced to below the freezing point of water for some esonsiderable time. High winds
low air temperature, and good conditions for radiation from the earth all faver
deep freezing. Whether or not bare ground freczes more quickly than areas with a
matt of frozen mosses is debatable. The depth to which frost extends probably
jircreases at less than direct ratio to the duration of low temperatures. If the
suumer thaw reaches only to a sléght depth,the nekt winter, which is much longer
than the summer, will add frost so that the congealed layer exteds deeper and
deever with time. Ice is a better conductor than dry rock or eatth. Permafrost
has been reported up to nearly 2000 feet deep. Ice occurs in irregular masses,
sheets, modges, and graryjes.wedges narrow downward and may extend 30 geet below

the surfaces. For ground temperature observetions see figures 1 and 2, p. T

Summer thaw: Depth to which thewing occurs in the short Arctic summers depends
upon the (a) absorption of radiant heat from the sun, and (D) conducbivity of the
ground. The mott of tundra vegetation is a good insulator, The fmperm gbility of
the permafrost redains much water in the thawed layer. The prevailingly glight
reinfall the the Arctic slows down melting. Summer ground conditionssare then lik
those of more southerly latitudes during a dry spring when melting of the frost is
very slow due to lack of warm rain.



Technicel terias suggested by Bryan (see next section en pg;aéfrost)
Pergelisal = permafrost or permanently frozen ground
l'»11lisol = surface zone thawed in summer, the "active layer"
Intergelisol = transition zone st bottem of mollisel, thawed gt times

above,
Tabetisel = unfrozen grounddgithin,or belew the pergelisol er frezen ground
Congelifraction = frost-splitting of rocks
Cengeliturbatien = frost sction including frest-heavigz and mass mevement ef +he
active layer or mollisol -
Congeliturkate = disturbed wsterial of active layer er mollisel
Cryopedology = science or study of intensive frost actien, frozen greund, etc.
Crysplanation=/process of leveling of topegraphy under frozen ground cenditions,
similar to peneplantion is warmer climate

Fergelisol table = top ef pergelisecl
Subgelisol = unfrozen ground belew the frozen zone

Supragelisol = zone .above the pergelisol

Fergelation = process of forming permanently frozen ground at any time.



s pars 1, p 4
Refreezing: 'Then colder temperatures return in the fall a new frost layer

forms on top of the melted zone. This thickens until it merges with the perma-
frost below. Locally ground water is trapped between two layers of frost. Fig. 3,

Distribution of permafrost: Permafrost is widespread in northern North
America and in Siberia, as well as on some high mountains. Approaching more mild
climates from either the Arctic or from the mountains, the permafrost becomes
more and more patchy and shallower. ZEven in far northerly latitudes there is no
permafrogt under thick glaciers or adjacent to large rivers and the sea.

Tonosraphic effects: The topgraphic effects of permafrost may be divided into
‘e.) those due directly to the ice and (b) those caused by the thawed or Mactive!
layer of summer. Frost heaving is belicved to form hills ( "pingos") up to 600
Zect gcross ané 230 feet high. These occur chiefly in fine-grained lake seciments.
They contain radiating ice veins. Peat mounds with a core of ice do not exceed
27 feot highe One of the most prominent features which is readily seen in air
ohovos, is the polygonal pattern due to mclting of the tops of ice wedges. These
display trenches up to z fect deep. The diameter of the polygons is for the most
part only a few feet although a maximum of 600 feet is recordod. The shape varics
widely and is rectangular on a slopes. The best examples occur in fine-grained
sediments and poorly drained areas. On rocky ground they grade into stone nets on
flat areas and stone stripecs on hillsicdes. The pattern of polygons is etched into
the lower side of ice on ponds until that exceeds half a foot in thickness. In
tihe centers the polygonal areas may be either depresscd and covered with a mizture
of ice and peat or elevated forming low mounds. This sccond condition is thought
to be an older stage of development. When small streams form on an areca of cracis
they are angular in course interrupted by small pools due to ice melting.in the
centers of the polygons ('beaded streams"). The form of the cracks is thought te
oo similar to the contraction which formed columnar basalt or mudecracks. However,
it is much larger units. The thawed or active layer 1s eguivalent mechanically
to thin mantle rock overlying impormeable massive bed rock. The confiniag of
ground wveter to such a thin zone makes for extensive mess movement with folding,
cortortion, and considerable chemicel weathering due to the abundant organic
acids and high mineralization. Some regard the abundant silt of Alasla as a
product of this weathering. Results of soil flow are also visible in leaning
trees ( "drunlzen forest!), and lobate waves on hillsides. The minimum slope
showing then is above 5 degrees. Final result should be rounded convex hills
covered by a mantle of frost-weathered rocks. Final production of a "peneplain
is problematical. here thawing is deeper or complete "thermokarst" topography
with sinlzholes, dry valleys, cracks, and depresscd arcas is very prominent.
"ave-in lales! are abundant in some areas underlain by silt ancé their outlino
in altered by wave work. South-~facing slopes and the margins of sandy terraces
show littlc frozei ground. ©Sincc most water comes from the south-facing slopes
valleys are asymmetric. The sides of terraces next to the hills arc eroded pro-
ducing a slant down toward the margin of each terrace. Vegetation gives a2 clue
to the depth to frost. Black sprucc and tamarack may indicate as littlc as 2
fect, paper birch from 3 to 8 fect, poplar and balsam over 6 fect, willow and
aspen 10 fecet or morc, vhite spruce 1 foot for each 10 fect of height. Much of
the permafrost melts once the vecgetation is romoved suggesting it is a survival

of past climatc. See figure 3, p. T

Past permafrost: Vhere the permafrost has melted completely along the south
margins of the prescnt arcas and on the lower slopes of mountains some evidonce
of its formor prescnce is left. Although the trenches may be filled with silt,
sand, or gravcl a cross scction will display thom. Some geologists have suggcsted
that cecritein soil mounds, such as the Mima mounds of the outwash plains of the
Puget Sound rogion, are relics of permafrost. In thc Matamusla Valley of Alaska
irrcgular hunmoclks arc left when the frost melts as a rcsult of cultivation of the
ground.




part 1, p. 5§
Caution in intcorpretation of melted pcrmafrost: Despite the fact that climate
has indubitably changed in much of tho world, certain cautions arc nccessary in the
scarch for former permafrost phcnomena. Many have assumed that of nccossity the
"periglacial! climatc was much colder near to the margins of the coatincntal
glaciers than it now is. Granting that air drainage from the high contincntal
ice caps might bring about mary periods of cold winds, it is fair to rocall that
duc to thc large amount of heat necded to melt ice glaciers could (and still do)
terminate in climates vhere growth is impossible. Morecover, descending winds arc
warmed by compression. To melt a glacier must requirc a warmer climatec than
recquired for permefrost. Such a conclusion may, however, apply only to thc condi-
tio1s which led to the final melting of a glacicr, not to the climate during its
~roivhe However, climate favorablc to hecavy smowfall is unfavorable to production
> oermafrost. Let us also rceall that much mass movement perhaps forming cracls
2 2111l as folds of glacial drift undoubtodly took placec bocausc of the high water
eanient when first depositeds. Besides, mass movement of mantle rock undoubtodly
sekog place witheut the aid of underlying impermeable permafrost. Rcelics of ice
wiecaes mey also be confused with weathering along the courscs of former trec roots,
or cracks due to mass meovcment of mantle rock. Cortainly ncither all masses of
crcet matorlal nor talus deposits demand the former prescnce of permafroste The
fetone rivers® around Baraboo, Wisconsin, arc the result of present—day crosion
vy svator from mclting snow romoving the finer meterial from the residual mantle
»"o 7o the impermcablc quartzitc. A few, which arc highor in the center than at “he
w.r2ins, plsht, however, be true "roeck glaciors!. - ‘But when we find that tho srtow
new lasts longer among the roclts than clscwhore docs this idea demand a much
different climstc? Possibly the mentle of rocks and clay might have crept morc
rapidly when the climate was wetter than now, but the impervious quartzitc bed
rock could have taken the place of frozen ground. Tho hypothesis of permafrost
»rigin of the mounds in Washington doecs not fit well with éither the marine climaic
ox today or their localization on well-draincd sand and gravel outwash. Somcwhatb
sipilar mounds in Ql:lahoma and other southern states have becen cxplaincd by the
kypothesis of former drying rather than of permafrost. Supposcd "ecoavulutions'
in *he surfacc of outwash plains in Illinois might be due to ground water work
dvring soil formatiion. Some found in sané and gravel in northecastern Viscoisin
-arc almost certainly duc to shove by a glacior which left so little till that
the soil-making proccsscs have rondercd it now urnrccognizables The "mettled ground”
.I' the same region occurs in red glacial till which appears to overlie older enc-
mnraines. The mottling is due to small knolls and ridges which show out in the
air photography because the high spots photograph a lighter teone than do the
demper hollows. It is probably a phenomenan of compaction of an irregular
“thickness of red glaciel till with a high content of silt and clay. We must keep
in mind the fact that the condition which in permafrost regions lasts all summer.
occurs almost every spring in lower latitudes and that in certain snowless
winters frost penetrates to considerable depths.

See p. 2 for key to technical terms suggested by Bryan.
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Cerolina Bay Prohlom l \
e reel BT 1
QT The Carolina Bays have been- ther Tg/purely terrest(ﬂal forces,such as ,
waves, currents of air or water, l.@ solution by ground wa.ter} or tﬁ\-meteoriz,

impact. Modern coverage with air piib’{ography demonstrates meny things which were

n\x\s.\"\
previously unknown or simply surmised.
Ao~
Facts. (1) Typical "bays" occur only in the (;pastal Plain end are sbsent nin the

adjacent sea bott om and Piedmont. (2) B ays occur from Florida to New Jersey but
ere most sbundant in the Carolinas. (3) The total number of well-formed elliptical
rounded outline
baye is estimested at sbout & half million. (4) The tuis/u‘i farm is more-owr less
underlein by (unstratified)
uikexed_#Fregular in regions limestone (5) Most bays have an eﬁiiﬁf’?im# which

is best developed eround the southiend. (6) Orientetion of long exes of bays
varies only slightly and changes are gradual between different regions. (7)

15 to 30 feet)

Many bays overlsp one tother or heve .more than one rim., (8) Most bays are filled
with peat which is thickest toward thj

SE end; 'l'.h.@L peat is underlsin by lske silt.
(9) Gnly & few springs occur in bays. (10) Bays are equelly well developed in

ell regions suggesting the same age. (11) No similer besins occur anywher%i:\;i the
world.

/jj‘ Johmson*s—theory. The theory of Douglas Johnson ﬁs primary emphasis on solation 1
But there is no relation between bay% distribution and?uws ground water
seixkizn circuletion ag; presence of ettier permesble or soluble rocke. The leck
of eny reletion to & joint pattern isCLC:fident There ie no relation of ﬁys to rock
structure and no noticable difference o aysag._ in differt localities,

The theory eppears to exaggera::;:he ectunl amount (f% rising ground water and its
ability to dissolve materiel. The superimposed theory of wind and wave amction in
sinkholes to explein the sand rims fails to take into account the rim distribution

SW vt
which does not sgree with the known direction of winds. The impowtance of wimadx

Fie 3 end shallow M |
water surrents in relstively smell lekes also seems decidedly exaggerated-@omparetf

n ;
with the slight emount of such work in most lakes of glacial origin. Overlep of

one bay on another is also hard to explsin by Johnson's theory. TMM 7)

M\W WMMWM’WWQWCM@



rit

Caroling Bays, ‘.2

«T," The ha';;rb the springs were submerine snd were frequented by great shoals of fish
which swam around in circles W seems entirely too f‘ar-fe'l;;hed. One § bey is T
miles long.Besides it would not account for the sand rims.

ﬂ:‘ Prouty's revised meteoritic hypothesis is based mainly upon the shock wave or covjri*v-
cone which occurs with bodies moving through the eir et supérsonic speed.
Impact of a vast shower of meteorites thd-i-e(a comet)would thus account for the
formetion of so meny elongeted cr:._gtera in the sand ;f the Coestal Plein and not in
adjacent firmer meteriel. Many meteorites have been discovered in the Fiedmont
to the northwest. This idea slso expleins the striking perfection of outline,
the merked parallel orientstion, the overleps, and the sand rims. Two checke
have been presented. First the shapes of the bays agree with smell craters formed
in fine sand overlying cley by high-velocity rifle bullets fired et en angle of
30 to 35 degrees to the surface. Second, magnetometer work has disclosed many
local "highs" neerly aowthdaand distent from the rim® by about the length of the

n

short exis of the bay adjacant, Sueh ﬁﬁgnetic work is confused by linear magnetic
WAl ~ w\&.ﬂu‘l\(f_ V) )
highe due to basement rocke, by the great number of bays in some districts, and

i\
the difficulty or making readings 13{ swamps
N

bl :
highs do not checﬁj\the idea of redeposi‘tion of iron oxide ﬁﬂ@@%ﬁ:‘:’&"ﬁh solution

of the bay,’ éither in stre or poaition,; Limonite is not strongly magnetic.

4
rossnne of neiiiis na:te:iti cauaéng ma,gnetic highs can only be

esteblished by test drilling; A survey by zir-borne magnetometer might also be of
Valuessras W A 0~ R abisaiee | Ao
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Curolina Bay problem—

-Basesd—on Prouty, W. F., Carolina Bays and their origins Geol. Soc. Am. Bull. 63:
167-224, 1952

11i
Defines "Bay" as an e}i?tical depressed area with a sand rim.

Theories: Toumey: springs Glenns blocking of bays by sand bars or depressions enclosed
by gigantic sand ripples. Melton: meteoric scars orFsubmarine scour. Cookes due=¥o southeas
Corghuattay]
winds altering lagoon#by elliptical currents; later heldthet gyroscopic action due to
rotation of earth set up such currents. Johnson: solution with wind-built margins
Lobeck: solution aided by currents and wind. Johnson in book: artesian solution plus
lake currents plus wind work Reisz: wind work especially from glacier fismmx
, ﬁwﬂ&uNQA
Grants shoals of fish sround submarine springs.

)
Facts: Bays occur only in “oastel Plain Distribution and size both very irregular..

-—

/

No relation to geologic formations. Bays become less numerous to both SW and H!//%uﬁgz:iq
T otal numbér estimated at about half a million. _Direction of long axes varies
slightly and gradually between extremities of areafw{sihd rims meinly highest at SE end of s
each bay. Rimmed depressions many times larger than the projectile have been made

by firing‘glhigh—velocity budlet into light powder resing on clay and are ascribed to the
shock wav;;jvk; similar bays are known anywhere selse in the world. Overlapping bays

dlffer slightly in age. Many bays have more than one rim. Bay form is modified in

arsas of soluble rock Shell beds of normal shallow deposits absent where canal cuts bays.
Almost every bays has a well-defined magnetic high a little E of S of Sg;end.

Magnetic high*of liner:i;g: are different in origin and affect readings.

Sand of rims is unstratified. No meteoric material has been found in the region of bays.

Most beys are younger than nearby beach ridges. Only a few baygsgéve,greah-water springs
| T i

mainly near SE end. Feat in Bays is 15 to 30 feet thicky 5ilt is found below peat.



‘_‘— :__-c- \}-' l 2

‘The peat kes?e—uponéaiii_and'bonégna-evidencé of Buihing—;n the upper part;rizt'is

the filling of a lake and not of e Qubsiding.ainkﬁoieg$:ziy1ng of the swamps iﬁ explicable
by lowering of water table fhpbugh stream erosion. LAli.ba§Q appeqgr to be of the séme

age, late Pleiatoﬁehe.‘ . .

é%jactione to solution theorys solution ié much more wideapreéd than bayg; Bﬁyﬁ

are not ulii‘Beat developed in limestone arefy Theré is no relation of bay; to‘lefal

of ground wheroas ‘solution should be most in elevat@gn'rsgionif There is no ‘
relation of shape of bays to agy.joint pattern as there is in the solution lakes of
Florida} The sand rims of bays are not present around éinkholgg; Overlap of bays is

hit or miss following no dgfiﬁite patterﬁ} The advocates of solution regard the magnetic Ik
highé as due to ddposition.of dissolved iron oxide) Béya have no rélation to sgdpe of land
andbbpportunity for escape of. ground waters} There 15 no relation of long axes -

of bays to the regional dip of .stratagsor to probeble dirsotion of ground water motion;
Quanity of ground watqr'sgeﬁs to have been exaggerated and there are no adequate

erosion chahnals for its outfloﬁr The pbaition of the sand rims is not in harmony

with the. knowﬂhm:Lthwest vin%ﬁ There is no suggestion of a northwest migration of
springa up dipf Overlapping bays do not agree with gring origi?f Digtribution of

gys is not related to known ground water conditions.

Objectiona to fish theory: No aimilar phenomena are known alsewher?j

Coi%:::ter.would rise to the surface of tal?j Orieqtation of bays is entirely too
regulaf} The idea that fish face the prevail@ng wind is unpggveéi SSand rims should

not occur as they dg} Age of bays should ;::ngiaaent at different levelgj

Bays up to T miles long are too large.

P;routy revised the orignal meteoqgc theory to mow include the air shock wave,

explaining effect of combined ahock,ta%e qn*veﬁrfh rdtatioh 6nltandem meteorites.

‘@ compression cone. .

Reviseéd meteor;l\gc nypothesis explaines limited distribution of baysj similarity of age
of all baya) formation of one bay inside anotheti Best rim at southeast endf



of " J
Aggociated magntic highs at SE endji Most sbundant meteorites in clay soil of Piedmont
to the Nﬂﬂ.} Position of deepest parts of bays toward SE endeﬁ Lack of any relation

to character of bed rock' Similarity of oreientation’ Overlapping bays, great size of

F J
bays )'Deep water deposits in bottoms of bays.
Magnetometer surveys. Magnetic work is c_omplicated by presence of some linear highs

i a

probably releted to the basement rocy 'IDiffif_\llt to find aressof scattered P‘ys »:dy é«,,{).
Cannot make readings in swamps on asccount of peat)' Mos/highs are nearly aouth,_qf_‘

SE ends about length of short axis of the ba,;}‘ Splitting of meteorites andb‘mton
of—material since must be considered} Shapes of bays check well with experiments

with bullets fired into loose material at angles of 30 to 35 deg;" Bayg confined to

a~i-
Coastal Flain because conditions for craater formation and preservation best there,

Agreement with magnetometer survays is comsidersd good.
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GEOMOKFHOLOGY

Submarine canyon problem, conthﬁéﬁzggf’/ Sup;lement III, 1953, p.l
98 L

Introduct ion. BSince the iest supplement on the problem of submerine
canyons appeared some important pepers heve been published end it is desirable .

to0 2dd some materiesl which was omitted previously. Progress has been mainly

WA )
along two lines: (a) tgi ing of mmy cany$ns into the deeper perts of the ocean,
9{§4€g% suggestionsvhat canyons ere of more than one origi%f
® Hypotheses. Kuenen has suggested thet submarine canyons may be

divided into two grest clssses: (a) true drowned valleys, the Corsicen type,

the New Englsnd tyre.
egnd (b) troughs due to density curren ?& n sddittion, it is recognized
that ddy%ned velleys mey have been clogged with merine sediment and then

(and/or extended;iy-
reexcaveted by density currents. This history can be regarded es in a way

i
e transition between the two*z;g;emeg. lThe gquthor presents charts which show the

difference between the submerine extensions of lsnd valleys on coasts where
hes
there haxe been relatively recent orogeny . Aalthough theoretically the

drow ned velleys shoulc terminete in submerged deltes thﬁ fact is hard to

”?’7
heve obliterated

qrds

NROw S
/%rove end it is possible that- qﬂgnxn den31ty currfnts
or altered them beyond recogn1t107\ ;lhas~£aztxnxxxnxx peee:h;lity—wes—zxﬁq,

gni ard ip hi igin, CShepard also suggested

thaet the continentel shelf between valleys mey heve been built up with sedimentS

wii during the time that the ﬁgégagzionﬂ'were kept open bii?lides end density
must

currents . Ve sheukdxaism not loose sight of the strowng probability that

there are tectonic depressions on the m continental shelf in regions of

due
mountain building . “nd last we must alwnys giveAfeight to the "personal

equation" in the drawing of submerine contours as well as the limitations of

) N

~ecoustic sounding.
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New England type of canyons. Kuenen 1istshmajor charecteristis of canyons

of the New England type which cannot possibly be regarded es the submerged
a
extensions of land velleys. In brief these zres (4) V-cross section with sides

sloping et about 22%; (b) course straight)down the continental slope,

poet s ﬁ;
(¢) Leeedly-the course Iz different inside the i e, (d) widely

rounded curves, (e) continujbus seawerd slope of bottom, (f) steepest grades

-—

A
ers neer hesd smd decreese outward, (g) with rere exceptions)ths:s=ﬁ5 no bresk in

frnden
slope st the continentel terrace, (h) no abrupt fells avre=kmewn, (i)

5 A
===y
‘0/:;;;;;;;;;;‘;;;kgﬁgfiffff) (j) all canyons extend clear down the continentel

, guk
slope end aom:/fhaVe been traced farhto sea, (k) gééicanyons sre not connected

with submerged river chennels on the continentel shelf. In considering origin
of these canyocns Kuenen rejects Shepards idea of bui%&nd up of the continental
shelf bewtweer canyons because there is no change in side slope to indicate
a difference in sediment. He thinks & very grest smount of deepenirg by

1

: TEl : . ks
submerine currents woudd be needed to eliminste such & feature. Orign by
: N

density currents is theréore concluded. r‘j !

;;;7 Froof of density currents. As rregiemsdy noted in the former supplement

e ——

one of the weakest points of the density current hypothesis originalily proposed

)
L
by Daly)is thet it is extremely difficult to find such penoeﬁa actually at

WG‘M
work. Daly concluded thet theirh?ctivity is & thing of the past ;ﬁ&figgif'
oo
low glecial sea levels furnished much more sediment ﬁ-flow“’éown the
continental slope than is now the cese. It is well to note that this is

entirely in line with recent theories of the origin of the continétel shelf
N

which shows indubitable evidence of & lower sea level. It is suggested

Vv
that the observed density currents in freshweter lakes end reseroirs are not
)

a fair comparison becsuse of the gentle grad es and the presence of concurrent

in the cflse of glacial meltwaters ,
sedimentation from water which floated on top of the lake by reason of U\y

N\
tempersture difference. ‘he channels on deltaécgi; more of the %Eyee‘\type
end are not true canyons. S51liding may mlso have teken plece]ﬁa on the delta of

the Mississippi.
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The Grend Benks earthquake. It is to phenomena which followed upon the

earthquake on the Grand Benks of Newfoundland in 1929 that advocates of density

curren‘tly mainly turn for evidence. The quake occured on 18 Nov. 19; at
* vt g 900 [ 10500 fuT AP
2032 hours G.CT. Instantly six cables ugar iamﬁr broke but for 13 hours 17

minufes theresfter there was en orderly sequence of breaks oi‘ other cables

T X 20 »
et progressively great‘/\{ilstarces from the epltenter!( &nmpnta:kinxihnnxnuhmx

The velocity of the force which brought sbout these delayed breaks can

f\_'s’}/b\ ~ easily be computed and compared with the known slope of the ocean bottom. (F?\JJ‘)
W
{3
W The affected ares broadedhed with distence end the velocity decreased from
7 bﬁfu&b

63 miles per hour to zbout 14 miles per hour at
o Loa it 1o vl wmf
frem—thefirst-bresk. Every ceble broke in two pleces snd ihe speese-between
~ N [t
e ime. The cable wikhinxEhex

between the #weo bresks was in all cases either buried or cerried awey so far

thet it could not be recovered. Although most seologists at firsgt considered
{) Heezen and Ewing u Ul € wmaa-

the cause of breaking tobe faulting 0pinionAh.se—no«—ehamgoé—7 ransformetion

of a lendslide to & turbidity current. In this connection we may note thet the

M M
bresking strength of & new submarine cable is 12 ordimury tons and its
e e A a
wight under water is about 1.3 tons per mile. The necessity of assuming more
T
rowerful force than lack of support due tc erosion ﬁ'.s evident. In meking

repairs to the cables"sharp ssnd end small pebbles " were dredged up in

about 16800 feet of water. Kuenen showed thet with existing formulas the

Eiie :2 e.n; velocity of the inferred density current are credible.
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Midocean cenyons. FPRecent publication by Ewing and his sssociates gives

much more data on canyons in deep water then wes sveilable only a few years
ago. They state "In recent years explersztion has revealed that the canyons
do not end at the base of the continentzal slops but continue across the
continental rise to the abyssal plains of the ocean floor. Studies of the
gecimsnte from the floors, walls and seaward extremities of these canyons----
have proved that powerful turbidity currents have repeatedly carried large
volumes of sediment through the canyons and deposited them in well-sorted
beds on the abyssal pleins" One of the canyons has been definitely traced
for nearly 1400 land miles and it may extend for more than 2800 miles.
;i:i; sides and flat floors are indicated by the cﬁ?oss sections with a depth
bo  boo =
below the adjacent ocean bottom of 680 to 60 feet Thenzlope is agg;z-Z-E to 5

to the bottom of the cpannel
feet per mile, Maximum recorded deyth, is about 16500 feet. *he mid-Atlantic

A
channel crosses the Southeast' Newfoundland Ridge in = narrow gap It is
»
not certsin that 4&§'end has yet been reached. "In general the cores indicate
that the turbidity currents depositing mm sand and silt in the canyon feathered
out on the banks. <%he burisl of these sands snd silts by over a meter 4af
clay and silty clay would indicete that the last mejor turbidity current
rrobably occured in Wisconsin time." "“Faulting offers no explsinstion of the
sediment relation#br the streamlike longitudinal profile so easily explained
prdl Unerr
by turbidity currents." The evidence of these channels with msociated sediments
WW 3
seemg to present a very muek formideble case for the reality of turbidity
currents than was even dresmed of when the theory was firest advanced. Freser=-

vation of topographic forms with little zlteration in the normally quiet

regelm of the ocean depths can readily be understood.
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Submerine canyon problem, 185
(ﬁ ince the original text was written there have been several importent developments

in the submarine canyon problem. ﬁira‘t: funds have been aveileble for much more

sounding deep weter)both for navigetion end for pwFely scientific interest.

Sedondy methods of taking cores of unconsoldiated sea~bottom meterisls have been

lha

much improved, Third: movement of water due tonincrea.ae of density esused by w» comtent

_‘Ef-—Sediment‘r\have been observed end studied. Fourdh: several deep drill holes have

been put down on corsl islands. €ye have
n"&oundgingss Kecent soundiﬁg expeditione)using the acoustic methodlhave extended

some of the =mw submarine canyons scores of miles from where first observed into

very deep water. For inatance}the Hudson canyon has been traced about 200 miles

out to sea and according to newspaper reporis a recent voyage demonstrated a

system of submerged valleys in the ilorth Atlantic comparable in size to% Mississ-

R (PR T T S
ippi system. The’ ‘\d-ssper valleys ’%re by no means as £ectacular as those in the -
continental slope end are possibly more like channels of rivers on a floodplain
Aldget nadoand veeg
in being bordered by metuered dewees which are larger and more massive than any/\on
lend. Nevertheleas/they are distinct channels unquestionably due to some/.gi&d of

(5\1101;& )

heve been discovered. There is little regularity in the depth of water sbove

flowing water. Besides the ghannels many flat-topped submarine mountains

(W‘Sediments. The/geposits off the Hudson canyon have been most fully described
althonghncoras have been teken over a wide area. _On both sides of the Hudson channel

there is an extensiye sand deposit with some Alayers of gray calcareous clay. In the

—
~

2
channel itself gravel oescswes with pebbles up to 15 mm diam"\ter. The sand is very
well sorted but its otherwise much the same as the sand on the continental shelf.
Interbedded with the sand are layers of normal red non=-calcareous deep-sea clays.

The pebblea cen be matched with rocks which outcrop in the steep sides of the canyon.

Y
—

WMUWM U)ruw(r'am—t ,Z)‘MM
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jT Density currents. Studies of sedimentztion in reservoirs have demonstrated that
without doubt the mud-laden water which enters at the head sinks to the bottom andJ
flows zlong it to the daﬁﬁ The rete of flow has been messured and seems to fit with
a modified form of the foﬁala for turbulent flow in open channels. The Chezy formula
Do Dt~ .
need only be modified by introducing the excess of density of the water above unity
end by changing the constent. Measured velocities in the ¥&¥y low-gradient bed of
Lake Head}in the Colorado Rive???ggéngly suggest the possibility that similer cur-
rents in the steeply-sloping submarine canyons ?ould readily erode the bottom
thus edding to their velocity.Trencﬂ:'E:; to sinking muddy water have long been
known in Lake Geneve, Switzerlend. Thkese sre bordered by ridges—tike netural
levees—on-lend.

(pS b
‘ﬁ‘ Evidence of subsidence of sem bottom. In recent years very deep drill holes were
-l-'__'_—._- R sem— 5

put down on several astolls of the southwest Facific. 0, Biki"shallow water deposits

" occur to a depth of over 2500 feet. ON Egiwetok volcanic rock is encountered below
100 LAl %

zﬁﬂﬂ:feet. These tests demonstrate that the sea bott om has actually been subsiding

but the ege of the lower maerine deposits I middle Tertlery and net—recent. Whatever

the cause, the change of sea level hra been very isow. fhe flat-topped peaks

‘ 2000 b Goooqad A
found in deep w#ateﬁ whose form suggests weve-eroded volcanoces are in line with

_this conclusion.
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Cﬁ/;;hnson's theory. Johnsons's smgges conclusion that aubma;ﬁne canyons are due to the
fresh water To (eanded Vo~
recession ofAfprings emerging from permiable formations/ég_now thoroughly discredited)

1 -5 M “
wirst B itR\ di%regardsb\@ phygcal principles end cenyons , permiablx rocks.
} \ "\ \ M_,/ :

Fresh weter would rise directly to the surface anﬁnnot meke & canyon.
jﬁZDena{Ey current theory. The failure to demonstrate marked density or other currents

in existing canyons of the continental slope is obwiated éy two suggestions. Dely

originally proposed that during the moderately lower sea level of glacial times

much more sediment was carried over‘theféa;of the continental shelf than is now the
danTn Ardairn

of comrse sediments

case. This suggestion is supported by
out to the margin of the shelf in many locelities. 0" the California coest

it has been suggested thay alongshore transportation of wave-derived material

is blocked at certain headlands. ;;f)in such locationa)the slope of the bottom is
steep enough]a canyon is eroded by;aeacending density current. A further
suggestion is that earthquakes loosened much sediment causing density currents down
previously formed depressions. Under the density current theory no great change of
gsea level is required for the formetion of submarine canyons. The sands and
gravels now at great depths were thus trensported from nearer the surfece and

interbedded with normal deep water. deposits. Currents which spread out from the

major channels depoaitedaﬁazﬁ;:l-leveaes.
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Emergence Eggggy.-.Aithough:tbe?degg§ty current ideea hae gained much supéort in
recent yeafs advocatéa ong;éat emefgeﬁce_of the 1and§lhave n&% ﬁeeg;jfidle.
Landeé ﬁroposéd;a tﬁeory thet with ajyyperiddicéliy.shrinking eartgjthe ocean
bottoms of heawy aima should Lubaide first. As a major cause of such sinking he
’suggeatJL%he solidification of basalt magma to solid rock with a xigh very*ﬁgzﬁ{ :
volume decrease. He thzaﬁ;athat the landa of lighter sial would not aink at once
but that when they did horizontal compression would result. Such marked contractionr
is certeinly not proved by present kﬁowledge of the”physicalf;tat of theparth's
i?tééoywbut/if such & process is possiblﬁAnd distinct iimit could be set on the

depth to which the ocean level receeded without loss of water.

Compromise view . Shepard offeﬂéva compromise view which is intended to avoid

d{'ﬁ. ;
some of thepgifficulties. “e thi;ﬁé“that the ssnysns shoreward portions of the

L B

canyons}ddwn to prehaps only 1000\feet depth}wera eroded by streame durijhg continental
; {\‘Jf
uplifts)not necesaérily all at the same time. This is the only portion which hes

= P o dilanted ' Gy

been examined by diving ?aé-photographyh *he lower extensions of'canyona}which are

eztrsmely steep in slope and irregular in_grade withfew}if‘aﬁﬁ)tributariés]

are charageable to density currents. This ;pplies‘with especial force to the

very lowest parts which are not canyons atxl1i4but~troughs. fhérg is no défiuitéﬁ'

i%wer li;i:ﬁy; Eeries of deltas as there,Should be were land elevation alonq'fhe
NJVWM,J enclosed 2 .

cause. Some eppareat valleys could then lead intqqdepressiona in the ocean bottoam.

Some Canyons might be very old ;&w;arst erosion, then filled with aediments and

later reopened by slides of the'soft materlal. It may be. added that some might

have originally have been tectonic infbrigip'ﬁltn oqu”superficial alteration by

erosion, Some of the Pacific const cpnypngJééem to be in part cut into'very'joqng

sediments. Sedimentation and mass movq@ént of deposits has been observed in.

 the heads.of some of these. _fw = S



s

Submarine canyons, Jilcﬁted references
Kuenen, P. H., Yensity currents in connection with the problem of submarine canyonsi
Geol. Mag. 753 241-249, 1938
Bell, H. 8., Density currents es agents for transporting sedimentss Jour. Geol.
S0s 512-547, 1942
Daly, R A., The floor of the ocean, 1942
Sherp, R. P., Mudflow levees: Jour. Geomorph. 51 222-227, 1942'
Hess, H. H., Drowned ancient islands of the Pacific basin: Am. Jour. Sci. 244:

S IR T e

Emery, K. 0., A suggested origin of continentaljslopes}and of submarine canyonss

Geol. Mag. £fx 87: 1 02-104, 1950 Bt

Ericson, D. B., }(iwing, Mpurice, and Heezen, B C., Deep-sea sands and submarine
canyons: Geol. Soc. Am. Bull. 62: 961-966, 1951

’Dietz, R, S., and Menard, H. W., Origin of aburpt change in slope in continentel
sh@l4f margini Am. Assoc. Yet. Geol. B ull. 351 1994-2016, 1951

Woodford, A. D., Stream gradients and Monter ey sea valleys Geol. Soc. Am. Bull.

623 799-852, 1951

~— Oociety of Econ. Geol, Palenon. Turbidity currente, Spec. Pub. 2, 1951

Tolstoy, I., Submarine topography in the North Atlsntic: Geol. Soc. Am. Bull,. 62;

441-450, 1951

Buffington, E. C., Submerine "naturel levees": Jour. Yeol. 603 473-479, 1952

Ericson, D. B., Ewing, Maurice, and Heezen, B. C., Turbidity currents and sediments
in North Atlanties Am. Assoc. Fet. Geol. 363 489-511, 1952

Crowell, J. C.,JSubEmarine canyons bordering centrsl and southern Cslifornia:
J%Gaoé 603 58-63i'1952 cq e R R T il o) m:f:,::’iie;
Landes, K. K., Our shrinking globes Geol. Soc. Am. Bull. 6331 225-240, 1955“q\\\~.‘ﬁ\\293<_3

Emery, K. 0., and Natland, ﬁ. L., Our shrinking globe -~ a discussiont Geol. Soc.

Am. Bull. 633 1069-1072, 1952

Lendee, K. K., Our shrinking globe- 2 replys Geol. Soc. Am. Bull 633 1073-1074, 1952
Shepard, F. P., Composite origin of submarine canyons: Jour. Geol. 603 84=96, 1952



Dietz, R. 8., Geomorphic evolution of continental terrace (continetal
shelf and slope)s Am. Assoc. Fet. Geol. Bull. 36: 1802-1819, 1952
width 10 to 150 m. Outer margin close to 65 fath.
Theoriest Wave-built embankment Dowlarped continental surfeace
Laly, Stetson, Rich Veatch, Smith

Faulting Wave-cutt ing Sedimenttion ceausing isostetic subsidence
Shepard Shepard Kuenen
First involves wave work and currents bottomed at wave base. Last discussed in
previous paper. No sharp downwerd limit except at the bresker zone. angle of
repose of sediments is very low. Most besins and benks show rock. Continental slope
varies from 2 deg to 22 deg. Hence slope must be structural. Sea floor movements
must prevent steep sedimentery slores. Evidence of very deep currents. Although
turbidity currents heve not been proved they are coming to be accepted as only
reasoneble explaination of sand, grevel, shallow water fossils in deep water.
Mgy be slowed by too much mud which increases viscosity.
Cycle of development. Initial stage tectonic, contact of sial and sima.
Youth involves surf action to 5 fath Detritus cerried won slope by mass movement
plus turbidity currents. Forms concave apron at bottom. Some of turbidity flows
mey meke cenyons. Headward sepping of cenyons.
Mgturity Wider helf, deeper canyons. Isostatic settling of sediments at foot of
slope. Also rise of continent because of erosion. Continued faulting on sloge.
0ld ege. Apron built up to top of slope. Time too long to permit this end point
very often. Interrruption by diastorphism
Presents examples of youth in Pecific Atlentic terrasce = maturity
FPrograding of shoreline when supply of sediment is too much for trensport to deep
weter. This may asccount for bank of sediments on this coast.
0ld age shown in part of Antasrctic coast. Gulf terrace chows rejuvination

of old age slope
by faulting since when gravity movements have altered slope. Have mantled upper part

Shelf breek rarely shows sliding of meterial. Explains as due to Pleistocne

lowering of sea level Finds older breeks et different levels. Atlantic coast at



Dietz , shelf breesk, 2

50 end 100 fathoms. Lower one due to former low level plus downwery.
dnterctice et 230 to 280 fath. Depression by weight of ice?

65 fath level probably Wisconsin age.

Conclueions

Clestics on shelf = hinter surf sediments

Exposed shelves have little sediment with no size relation to distance from shore.
Edge of sediments neither a fault nor foreset beds down continental slope
Subsidence not due to shelf, if present due to deposits at foot of slope.
Wave base is unimportant vut surf zone dominates sedimentation

Deep sea at bottom of slope an important realm for clastics.

Turbidity currents are important

In absence of compression of crust shelf sediments are monoclinel and not synclinsl



Dietz, K, S., end Menard, H. W., Origin of abrupt change in slope et continental
ghelf margin: “m. 4ssoc. Pet. Geol. Bull, 35: 1994-2016, 1951
Aversge width o; ghelf 40 m. Slope typically sbout 10 ft/m. Typical cont. slope
much steeper, say 5 deg., much more irregular. Aburpt change. Avoids any discussion
of origin of rock of the shelf. No single neme used for the break in skopel
Proposes term “shelf-break" New soundings show it is abrupt.
Theoriess (1) Sedimentary in equilibrium with present seas level

(2) Sedimnentery related to = lower sea level.

(3) abrasional in eqilibrium with present see level.

(4) Abrasionel relsted to a lower sea level.
Idea of wave bese or abrupt bottom to wave action., Sedimentery origin laid to Barrell.
Abresionel origin charged to Shepard.. Hoever, tridal currents might heve carried
the coarse sediment to margin of shelf.
Concept of wave base found of limited value. Finds currents moying sediment at great
depths. No level of negligable motion exists. Turbidity currents produced ertifici ally
in one of the canyons. Breakers normally form where depth is 1.1 to 1.5 time heigth
of wave. This fixes maximum depth of abrasion. Almost all of wave energy expended
in surf zone. Shepard showed that there is no gradetion of sediments seawerd.
‘Many bed rock areas neqr bresk. No break in Kk Nile delte Depth of break seme on
ex osed and less shores of islands. Absence of terraces due to sedimentetion.
No difference between gheltered and exyposed cossts
Conclusion. Shelf break releted to eustatic change of sea level. Depth is 45 to 80
fethoms. Rise of sea level rapid compared to diastropic movement.

claimed to have

Rise abersges 0.33 ft. century but Xmem¥iyxhes reached 2.0 ft/cent.

Sea lowered 5 to 15 ft since climatic optimum



Emery, K. 0., A suggested origin of conting%al slopes and of submarine,canyonst
Geol. Mag. 87: 102-104, 1950

Subserisl erosion best hypothesis but difficuulty in lowering sea level enough.
Low declivity of continentsl slope gnerally 4 to 5 deg. Four possible origiJQ?Lrpy
wave-built platform, step faults, normal fault dipping & low angle to ses,
downwarped peneplain. Firet eliminsted by rock and grevel out to margin of shelf.
Considers fsulting, vanished sources of sediments. Geophysical work has shown down-
warped peneplain slong Atlentic coast. Bends up neer continétal slope. Could have

N
carried down canyons.



,é/ Shepard, F. P., Composite origin of submarine camyons: Jour. Geol. 60: 84-96, 1952

Hypothesess glacial control of sea lsvel has increased objections.now.

Deeep borings into atolls, shallow water fossils on tops of sea mounts, imekxsf no proof
change of Mediterranea n to enclosed lake Extension of canyons there below level of
8ill. No proof of much increased salinity of oceans.

Alternativess either canyons mede below water or they were eroded at varous times

and then reopened while below sea level. Idea of turbidity currents of baly,

amplified by Kuenen and Crowell. Last suggests currents alongshore

carry debris to a place where velocity is less. Lf that is favorable for erosion
current turns downslope and erodes a canyon. Shepard now revives a formerly

ebasndoned idea of remote age of canyons. Eventss slopes of continents elevated at

times sllowing river erosion. Canyons kept open by landslides cﬁmbined with turbidity
currents where conditions were favorsble. Others were filled Some of the filling

may still be found on walls of canyons. The deltas formed at mouths of the canyons
when sea level was low have disappeared by slump plus turbidity currents. Such submarine
erosion meke apparent continuastions of the real canyons. Unfilled canyons were extended
headward during low water stages due to glacial control. Here valleys occur in

recent deposits,.

Reviews evidence of submergence. Maximum depth of deep steep-walled canyons is about
6000 feet. Cobbles on sea-mounts, shallow weter or land deposits to considerable

depths below present sea level(6500 ft at C. Hatteras) etc. flat topped-"guyots" of

Pacific Shallow vaileys known in deltas of glacial lakes. These like lower “canyonsﬁ

w
hAgrees with Croiiell that velocity of longshore currents is le st at canyon heads

but thinks it result r:ther than cause of canyon. Effect of hesdlands on currents does
not agree with canyon location off California. Uplift of only 1000 feet would account

for most of the canyons.
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@ # Lendes, K. K., Our shrinking globes Geol. Soc. Am. Bull. 63: 225-24C, 1952

| Earths aufface two levels now in isostatic eqilibrium. Ocens floored with basalt,
continentes lighter. If interior of earth shrinks heavier ocean beseins will sink first.
This downard movement compresses crustal segments causing mountein formation.
Possible causes of shrinking include downard solidification of liquid coreContreaction
due to slidification of bamsalt is 11.5 % Hence thickness of crust of 1820 miles
reduced radius of earth 140 m. and circumference 880 m.
Uses this idea to explain submarine canyons and coastal subsidence to grest depths.
Canyone cut before continents sank to sxkk catch up with oceen bottoms. Also uses
the idea to explain glacial climates. During Fleistocene three subsidences of
et least 5000 ft and one of prehaps 25000 ft.
Causes of contraction: downwaerd solidification, Em% cooling, pressure cocnversions
to greeter demsity or by any other process. Boundary at 1820 miles is chemical but
could be physical as well. Escaping heat via volcanoes is originally from atomic decay.
Evidence of changes of level: submarine canyons may reach 15000 ft. Flat tops of
submarine mounteins up to 9 m. Across in depth of 3000 to 6000 ft. Foundetions of meny
atolls. Ripple marks, gravel in great depths

Full bibliography



(j)(éé%: Crowell, J. C.. Submarine canyons borderigp centrel and southern Cslifornias
= v, Badh. 60:58-63, 1952 Pu\

Review work of previous writers. Davis called them "mock valleys" —
Many maps and profiles of valleys or canyons. No striking relation %@ present streams.
Some go to depth of 11,000 ft. Others extend into enclosed basins. End at foot of
abrupt slopes. DUepth related to sulbmarine topography only. Longitudinal profiles
very irregular afg extremely steep. Not like profiles of land rivers.
No correlationgggq;iéks in profiles. Transverse sections normal for youthful wvalleys.
Courses winding. Tributaries meinly near head and not as numerous as with land
streams. Canyon system as whole is decid;dly youthful compared to erosion of shore
arees. Rocks similar to those of above-rwater areas nearby. Some eroded into

and Recent
Pleistocene deposits. No convincing evidence of a Pleistocene sea level more than
300 ft. below present. Glaciation of nearly mountains does not check with idea of
great sea level lowering plus upwarp of continent margins. No record of high saligity
Summary: Canyons have irregular long;ggéiles. Have very steep grades Tributaries
grouped around heads. Occuply only a very small part of contin%%al sloype.
Many head close to present shoreline despite known recent warping of California coast.
Sharp nick in profiles near river moutﬁjalways at or near present sea level.
Graded to many differé} levels down to minus 10000 ft. Helated to breaks in original
slope not to chenged seam level. Many have no relation to shore rivers. Heads of many
in very young deposits. No proof of warping of contii?al borders.
Suggests relation of slongshore transportation of sediment to form of shoreline and
.underwater slope. Canyons due to present-day processes because of form of shore line

neceesary.ﬂji conditions: source of sediment, steep underwaster slope, reduction in

rate of shore transport Canyons probably due to erosion by this movement of sediment
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(ig}‘if’Ericaon, D. B., Ewing, Maurice, and Heezen B. C., *urbidity currents and sediments
- in North Atlantic Am Assoc Pet. Geoi. Bull. 36: 489-511, 1952

Traced Hudson Canyon 200 m out from shelf to depth of 2400 fath. Lost on broad
plain which slopes to deeper water. 6000 m? of sand callgg“delta:/ Layers inter-
bedded with red abyiél clays;Pleistocene fossils in sand}kgg;zées ito the red cley
through calcareous gray clay. Sands better sorted Hgmotherwise exactly similar to
those of the shelf. Not due to wind because of gfgb;es to 15 mm. Too well
sorted and widely distributeglfor glacial origi%.Notu;ue to surface streams for
such would have to leave t&ﬁﬁgtlantic only e serg;s of puddles.(This does not deny
glacial lowerings of a few hundred feet). "T;;dibity currents favored by lowered
sea level. Gravel only in stream bed. Deposition related to depth. Interbedding
with deep water sediments No evidence of solution of Tertiary sediments found in

region near Bermuda in deyth of 410 fathoms.



@/ Buffington, E. C., Submarine "natural levees": Jour. Geol. 60: 473-479, 1952

Describes a number of such off California coast in up to 3600 ft of water.
Compares with ridges left by mudflows % but thinks these are result of turbidity
currents :

@ Bell, H. S. Density currents as agents for transporting sediments: Jour. Geol. 503
512-547, 1942

@ Daly, R. A. Lhe floor of the ocean, 1942

C/ﬂSharp, R. P., Mudflow levees: Jour. Geodherph. 53 222-227, 1942
i



- ﬁﬁ) Ericson, D. B., Ewing, Maurice, and Heezen, B. C., Deep-sea sands and submarine

canyonss Geol. Soc. Am. Bull. 62: 961-966, 1951
survey
Records results of deptgAgnd bottom coring along the Hudson submarine canyon
Covers area of 15,500_gp2__with depths from 2390 fathoms‘t0-2 00 fathqms.Cﬁhﬁm~ (onteef
g_goy...{lwe%‘%w M'U{)W . AArrmanarse. o urhdhy
30% of sediment is sand with much graded bedding, Some is~e gray calcareous clay
unlike normal deep-sea deposits. Abrupt change from inghﬁrent sand to normal deep-
: — |
sea deposit. OSand grains mostly anglular and composed of quartz. Besides f;ldspar,
N
ferro-magnesian minerals, micas, glauconite, etq}particles of red and gray shals,

e
limestone, fine-grained sandstone, and mice schist were found. Resembleg to the
sh%}f deposits near the head of Hudson Canyon is close except for better sortinge
in the deeper area.  oromnifera ere like those of the continental shelf.

Age shown by fossils is post-Wisconsin,k Cores outside canyon show recent clay on cold-
water clay. CDres from canyon walls have green pyritic clay with midddle Tertiary
fossils Cores from can??n floor have and or gravel with pebbles of older rocks

baek—te Bocene ﬁl.jqumyp\\

Conclusionss Deep sea sands are not wind-transported. Lowered sea level is not
proved rezégfi of normel deep-water sediments outside the delta. Minersl and
fossil content of the sands relates them to the shelf sediments. Transportation was
through the canyone- by turbidity currents. Total sand volum;Labout 100 km%
Génaiderahle“%gﬁtion ggvthe canyon must have taken place. Other similar submarine
"deltas" must occurﬁ;if;:; explored. Slumping of material supplied the debris to

the turbidity currents which are filling depths of the oceans to a smfooth bottom ,
S—



canyonss Geol. Meg. 753 241-249, 1938

Kuenen, P. H., Density currents in connection with the problem of submarine

Reviews Daly's ideas noting great depth to which canyons extend. Daly aspplied the
Chezy formuls for velocity modifying it by adding the density of water above 1
(effective density) V2= const. aju. radius. slope. effective densitf

By using some known velocities for instance in Leke Mead V = 27 cm/sec. he obtains
velues for the constant which range from 230 to 660 for c.g.s system.

Then ép;lies this to grade of a canyon concluding that erosion by such currents is

distinctly possible.



SCIENCE IN REVIEW

System of Canyons Found in Atlantic Ocean s
Vast as Mississippi River and Tributaries

By WALDEMAR KAEMPFFERT

After spending eighty-seven days at

Sea on the ocean-going tug Kevin
 Moran, eight scientists associated with

 Columbia University landed at Ho-

boken, N. J., last week with important
news, The head of the expedition of
eight, the distinguished submarine
geologist, Dr. W. Maurice Ewing, an-
nounced that in the course of the Kevin
Morgan's oceanic peregrinations a new
ocean canyon: had been discovered ap-
proximately 1,000 miles east of Boston
and midway between Bermuda and the
Azores—a canyon which, with its un-
dersea channels, constitutes a system
as vast as the Mississippi River and its
tributaries.

This undersea canyon is from one to
two mileg wide and 250 to 300 feet
deep. Ewing and his associates fol-
lowed it for 800 miles and found that

/it winds sharply to the west for 150

miles toward Virginia and that it lies
at a depth of about three miles,  Dr.
Ewing believes that the canyon is part
of a system of great gorges of which
two were discovered four years ago in
Davig Strait between Greenland and
Newfoundland. On previous voyages
of exploration Dr. Ewing had noted
what seemed to be ditches in mid-
ocean., Now he knows that the ditches
are really sections of the newly dis-
covered great canyon. His ship had
crossed the canyon here and there,
which explaing why “ditches” were in-
ferred. By proceeding along the line
of the canyon its true character was
established. - It is probable that this
new canyon in the Atlantic has a
branch which lies in Denmark Strait
between Iceland and Greenland. Scat-
tered soundings lead Dr. Ewing to this
conclusion.

Submarine canyons began to receive
attention back in 1863 when the cele-
brated American geologist, James
Dwight Dana, called attention to one
which is a continuation of the Hudson
River., Equally well-known are the
steep-walled submarine canyons of the
Congo and Indus. Three years ago Dr.
Ewing traced the Hudson Canyon to a
point 225 miles out into the Atlantic.

Grandest of Scenery

The exploration of submarine can-
yons leaves no doubt that the grandest
of all scenery lies under water. We
marvel at the Alps and the Rocky
Mountains, but there are far more im-
posing ranges in the oceans. In June
and October, 1951, H, M. 8. Challenger
dropped a weighted wire six miles into
the Marianas Trench, about 200 miles
south of Guam in the Pacific Ocean.
The corrected depth proved to be 5,872
fathoms (35,232 feet, or 6.2 miles). Put
into this deep Mt. Everest would be
covered by over a mile of water.

Geologists talk of the “continental
shelf,” a continuation into the Atlantic
of the beaches that extend from Nan-
tucket to Cape Hatteras, About sev-
enty-five mile southeast of Atlantic
City the ghelf plunges sharply to form
the “continental slope.” Look seaward
from the edge of the shelf, assuming
that all the water H,_h_gd, and
you would be thfﬂle‘& 'By the sight of
deep gorges and rolling hills 10,000
feet below them. Between Cape Hat-
teras and Georges Bank (200 miles off
Cape Cod) there are a dozen canyons
grander than those of the Far West.
They wind like river valleys; they have
branches like those of large rivers;
and the floors lie at great depths. There
ig reason to believe that the level of
the sea must once have been lower
than it is today.

Whence came the water that later
raised the level of the sea? From
melting ice caps and glaciers at the
Poles, We are living at the end of the
last ice age, and the caps at the Poles
are all that remains of it. Once upon
a time the Arctic cap extended as far
asg Virginia, and in some places the ice
and snow were a mile and more deep.
Since much water was converted into
the polar ice caps it follows that the
Atlantic coast lay farther eastward
than it does ‘today. This means that
the Hudson Valley extended out into
the Atlantic and that for 200 miles or
so there must have beén dry land
where there is now. seawater, Sound-
ings prove that this is so.

Geological Changes

Dr. R. A, Daly has suggested that
thousands of years ago the sea re-
treated to approximately 10,000 feet
below its present level at two different
periods and that during these periods
gtreams cut valleys through the soft
sediments of the coastal plains. Dr.
Ewing doubts that the level of the sea
was lowered more than 300 feet, Still,
even this reduction of sea level is of
oanlogiral congeciience A waterfall of

300 feet—and there were such falls—
is something that would account for
some erosion of the Hudson Valley
after glaciers in the mnorth melted.
What erosion means is demonstrated
by what has happened at Niagara Falls
in the memory of living men., Besides
there was glacial ice.

Shipmasters used to assume that if
they were 100 miles or so off shora
they ran little risk of grounding.
Sometimes they were disastrously in
error. In 1916 the steamer Bear, mis-
led by soundings obtained in a sub-
marine depression, ran aground two
miles north of Cape Mendocino, Calif.
The wreck cost the lives of six and of
a vessel valued at $1,000,000,

In 1029 there was an -earthquake in
the Grand Banks off Newfoundland, an
earthquake so strong that twelve sub-
marine cables running south on the
continental slope from the center of dis-
turbance were broken in twenty-eight
places, The breaks did not occur all
at once but one after another, Why
the cables broke has been a subject of
controversy for years. The breaks have
made it possible for Dr. Ewing to for-
mulate a new hypothesis of canyon
formation.

Formation of Currents ST

It is Dr, Ewing’s conclusion that a
severe earthquake on the continental
slope starts landslides and slumps. The
material of the slides and slumps is
mixed with water. In this way thick
turbidity currents are formed. These
converge into a mighty, swift river that
crosses the sea floor. Ag it swept on,
the turbidity current (a veritable gjver
in the ocean) broke one cable after
another in 1929—an indication of great
erosive power. But not a cable that
lay on the continental shelf was dis-
turbed. The slumps on the continental
shelf were transformed into turbidity
rivers or currents, which deposited
sediment far out in the ocean over
gentle bottom slopes.

This turbidity current hypothesis of
Dr. Ewing’s is supported by samples
of sediment that he has brought up.
The samples show grading of the sedi~
ment—what would be expected, The
speed of these currents is probably as
high as fifty knots at the outset, but
at a distance of 400 miles from the
slide about twelve knots. But even in
a twelve-knot current there is enough
energy to destroy miles and miles of
cables. So it is not earthquakes that
play the most important part in sub-
marine activity, but landslides that be-
come turbidity currents, The earth-
quakes are merely the triggers that
start slides.

Artifical Lung

Anesthetized Patient Assisted
By an Automatic Machinef

An artificial lung which can breathe
for. an anesthetized patient on tic
operating table and which automati-
cally takes over when breathing be-
comes irregular and inefficient comes
from  Peter Bent Brigham- Hospi-
tal, Boston. The lung has been used in
more than 800 cases. - Dr. William S.
Derick, Chief Anesthesiologist at
Peter Bent Brigham and Associate in
Anesthesia at Harvard Medical School,
Dr. James V. Maloney, formerly" of
the Harvard School of Public Health,
and Dr. James L, Whittenberger, Pro-
fessor of Physiology at Harvard School
of Public Health, are the inventors,

Peter Bent Brigham's staff would
not use so simple a term as “artifi-
cial lung,” and so they talk of a “res-
piratory assistor.” The invention is an
important aid in chest surgery because
it reduces motion within the chest a,nd
greatly aids the surgeon's work es-
pecially in heart and blood vessel sur-
gery.

The machine comprises a plastic
dome, a special respiratory valve, a
tank of compressed gas and a breath-
ing meter. It is attached to the stand-
ard anesthesia machine, The action is
controlled by the patient’s own breath-
ing because the machine assists each
breath to the degree shown necessary
by the meter, If natural breathing
ceases, the anesthetist pushes a button,
whereupon the machine starts to
breathe for the patient on the table,

The first human patient was a young
man who had to undergo an operation
on his lung, The machine not only
greatly assisted his breathing, but did
away with the “choppy sea” motion
against which the surgeon has to work
in the chest area where the heart and
other oreans are pulsating.



L [p000

~12000

= |Baee




£ L
R
1’}‘k"" o [

@ / f! 7 e AL N S
MJI | GEOLOGY 109 ;
S aE B Y
BRSO Kkpa D= f TN

: Rty Supplement, 1952, partj 1?"’?}
Some principles of solls mechanics Ln—re% to geology and geoﬁoz'pholegﬂy.

Iptroduction, Soil mechanics is a 'bra?nch of engineering which has .
to do with those physical properties of unconsolidated’nawrials which are
important in engiﬁeering operations, fThe term "soil" is here employed
in the sense of all mantle rock regardless of depth or origin, "Mechanics®
refers to the fesistance of these materials to either fracture or compaction
(settling or econsolidation.) Practure or other movement of tl;a material is
termed nfailure, It #s evident that the properties are {iatod to several
geomorphic processes, for instance the slumping of wet glacial drift,
and land forms due to mass movement of unconselidated material, Moreover,
the engineering determinations are a wvaluable tool in the deseription,
correlation, and history ‘of the surficial materials of the earth, gince
geologists are frequently consulted in relation to emgineering problems
in subsidence, exeavating,aﬁd mining it 1s very important to understand
these relatively new tests and physical measurments.

geological descriptions. In the past geologists have to a large extent
ignored physical properties of unconsolidated materials, Their deseritions
have been almost entirely origin, particle-size distribution, mass chemical
analysis, and to some extent mineralogy, It is evident that origin is
too general to furnish much help in most problems. The second is kmown as
mechanical analysis snd consists in screen separation of the particles down
to a diameter of about 0.07 mm, The smaller diameters after dissdﬁa‘hion
by use of a strong alkalie are placed in suspension in water. ~ Use is made
of the known rates of settling and the density of the mixture to find
relative proportions of different grades. Results of such analyses are
presented in various kinds of diagrams. Prior to the development of
'x-é,’sy examination and the electron microscope, mass cheiical analysis was
the omly possible toolﬁemination of the sub-microscopic particles,
Attempts to apportion ﬁolemt reported by the chemist into minerals
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were most uncertain, Now the mineralogy, shapes and arrangenent of the

)
small particled is much better kmown., Their diameters are often expressed
in microns or thousandths of a millimeter. The shapes of those @;allor than

about 2 microns cannot be seen with the ordinary microscope. Most of the

_ small particles are flaky and are 1umped together as clay minerals.

Particles smaller than 0.1l micron are termed colloids and posses peculiar
ot
properties which }together with those of isher small particles influence

the physical nature of the entire mass to an extent out of pripart!on to
ther qua:!::.ty. One of these properties of colloids is a negative electriec
eha.,rge which attracts the hydrogen of water molecules. The resulting layers
of adsorbed water contain the lons of glectrolytes. These products of
dissoeiation of molecules react with one another cauwsing the phonemenon

of base exchange. Mjch of the yoid space between small particles is

£illed with adsorbed substances., Both cohesion and plasticity ARE
PROPERTIES DUE T0_COLLOIDS and the physical arrangement of the small

minerals varies widely with the state of consolidation due to pressure.

Soils mechanics determinations. 4t 1s evident that the ordimary

W mantle roc

geological description of mom&ebhm—which contains a large

proportion of fine particles leaves much to be desired in knowledge of
its phys:éal nature. TFor this reason engineers have used a wide variety
of other determinations, Those most commonly measured comprise: (2) bulk

density or unit weight(in gn/cn or lbafft ): (b) voids in percent etther—eof
of bﬂf"b content”
netshi-or of velmr (e) waterﬂin percent of dry weight, (‘d) Atterburg limite
d-‘r\ we\ ~__)
which consist of pgstic 1imit or percent of r%te\s‘/ ch erumbling
£y weh [
ceases, 1iquid 1imit or percent of wateiff Lok Hia Naglis aader spediatet

conditions, and plastieity index or difference of these two; permeability .
& a C«cha(iuﬁhr
or rate of water movement through the material )under specified conditians/\?
(gm[em*

shear strength under standard cenditionsl{ unconi’sineﬁ compressive sirength
; (@E
similar to the measurment on firmer material) cohesion determined from -

am |
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compression with sides under pressur?ﬂ; compression rate as tested with

force applied to ondy one end of a cylinder; and precompression limits (H9 /cm

an estimate of apparent compressien of the material earlier in its histo:agfkﬁms’/fJ

or prior to being brought to Phe surface. (In reports of these tests it is

important to note that kg/canis almost exactly equal to short ton!u/in )
Plasticity. We do not need here to detail the arbitrary i i

which have been set up to make plasticity measurements but their relation

akxzm to the origzin of the clays is important to geolegy. when liguid

1imit is platted against plasticity index on ordinary coo?l/ﬂmates all

results i’%’ the same kind of elay from the standpoint of origia fall either

on or cloise to a str"igight line, The slope of lines for different

clays %w:‘—shwn—h(ﬁg. 1} Clays which contain sodium

require much more water to become plastic than those with minerals contdjnin g

caleium or hydorgen. It 1s also to be noted that in ligquid limits we

have an approximation to the point at which clays

—solids—end become similar to 1ic ds. C“""M o JQ"’"“'\ M”M—j
JA_;,._,L Toste ad WW AUl
Strength tests. Long ago the strength of unconsolidated material
- gheaving Forcg
was expressed il![' onlombs eggtion s.magth cohesion plusforce nasmal.to

snternall Frie tiom!
a...plesosasnehout times the ta.ngent of thgangle of that-plane.

§ =c¢ +p tan phi, In the case of a sand which is dry and shows no cohesion

the angle phi is ewvidenidy the angle of repoge at which the material will
, ahgvier
wixl rest, This angle is about 34 degrees in dry sand with roédaaé grains
and slightly less when the sand is below water. As in a talus the sand
: Aok
1s held together by internal friction. when a finer materia nis below
water the velue of p is reduced by the amount of pressure of the water.

Unconfined compressive strength is readily measured on a cylinder of

b 8
- cohesive material, It ranges in clays from .25 to sbout 4.0 kg %cn .

The values of cohesion and of phi are not so easily determined. yhen
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Some teste have been mede by finding the force needed to bresk & cy*linder of
undisturbed meteriel by sliding one half of a contsining box over the other.
Another method is to enclose the specimen in a water-tight flexible cover.
It is then immersed in a liquid which cen be put under pressure before force is
epplied to one end. Lﬂﬁt&ﬁk&ﬁ:water may or may not be allowed to escape from the
container. Pressure is applied until the specimen fails., Thie type of test is
known as ® triexisls The confining force or pressure is andxthe is platted on
the horizontal line of Fige 2. The value of the force a%—gigemaf faeilure then
lies to the right. The distence between is halved esnd a circle drawn passing

through both points. This is known as the Mohr circle of stress. If the

.-bw-&

proceedure is repested with another specimenﬂgnd larger stresses & second circle

cazn be drawn. Then e line is drawn tangent to both circles. Its slope from
the horizontal then determineg the value of phi and the distence of its intersection
with a vertical line through the origin at left measures the value of cohesion.
However, a commonly used value of shearing strength for so{?ﬁwet clay is
half the unconfined compressive strength. 3+“¢“*~” ?hn;czﬁt-fvwh Cﬂiﬂashiz_“aaa%°'
Compresgion. The phenomena of compression are measured by placing a short
section of undisturbed core in a circular ring. Opportunity for escape of water
is provided at the bottZPm and pressure is applied at the top. At first the
’//,f"‘“'}rate of dimension change is‘rﬁpid, then it slows up and)if the test is carried
pu§7 \‘gﬂh on far enough)would eventually cease. (Fig. 3). Hopever, it is customary to

m
e “) plat shanrge percentage of voids against logarithﬂof pressure se in Fig, 4.

P

K::?anﬂfﬂl This enlargement of the horizontal sczle for small forces changes the curve :

//;,—’~”’///so that the first pert hes = gentle slope whieh on incr%%ing pressure changes to
a sf&iaght line, Under this condition rate of change of voids is inverseﬂto

A
pressure.. This line may be extended upward in the diagram until it intersects

the horizontal line representing theffriginal void ratio.

Recompression. If efter reaching the straight line portion of the graph

fﬁejam Je
pressure is gradually reduced i exg;nd%,although the original pore spece ratio
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is not attained. Recomprgssion then vlves ] curve which has been displaced
v Mangpt WNNML

to the left. It has been claimed that t e characteristics of this curve enable
the discovery of the point at which pressure was reduced 1n the first experiment
The procnedure is to ;;;24§§Z;4§Eg;ngent to the ;zgﬁvi*ﬁMh;;hrve at the point of
minimum radlus as estimeted by eye. A horizontal line is then drawn through the

5
point of tangency. (Fig. 3 4) The angle between these two lines is bisected

end the line from point of tangenecy extended until it intersects tgg_ext ension

wWekleod -a&,.b (e }‘V"“"L
of the streight portion.ot the sesond curve, £ﬁ:2i2luo_o£_p:aeaurgE;;}t;ubtainﬁd’
i Yol I/}N\VJ"'W\I/ AA/(/\M

sed to equal the f the first test

Precompression stress. Figr—S—shrows—how Some investigators have used the

sf‘m,‘ft
above method to dizeever the amount of pressure that a clay once sustained prior to

Jucre
either erosion of overlying matetial or melting o% ice. A loed of water has no
n :
werR
effect on precompression of a clay which it enters. If the method is always

relisble it would affo ﬂa valuable tool to the geologists Unfortunately, a very

T AT T e e ¥ T
similar effect results from drying of a c]iyJIt has been stated that thgs method

///;;;;n gives too small a thickness of eroded materiel. In samples taken from
! test holes or pits it mey be checked with the load which rested on the specimen
/ before it was brought to the surface. A marked consistent departure of the

values of precompression siress from actual loz=d is nevertheless a proof of

ob nahinwd
elther erosion’er ormer drying. Note that in the figure the straight portion of
/ the finel compression curve is extended upward until it meets a horizontel line

drawn at the level of en assumed“original void retios Another line parallel to the
final curve is also drawn which is supposed to be the maximum possible position of

a curve if the specimen had been compressed when in its original condition prior to
the deposition of any overburden, This glso is extended until it intersectes the

line of originsl void retios The difference of pressure read on this E}ne between this

™
and the actual recompression (or compression) curve is then recorded asn"range of

%
precompression stress 4 merk is often placed to indicate thgy“probabli/valuef}

(V8 fﬁsg'

D



e

The value of this renge is in a sense = measure of the amount of compaction

6

which the material has undergon&,Ait x;eeme ag if it is besed on too meny
estimates to ever be an exact determinstion.

Failure of $lopese One of the ever-present problems of engineers is how
high end how steep is it safe to lemve the side of an excavetion in unconsolideted
metekial, Geologists are interested in this problem in considering the nstureal
reduction of slope of valley sides and the atteinment of equilibrium in slopes.

We must recognize et the outset that the physical copditions withiqg e bank of
"g0il" mey vary greatly by recaeson not only of itBa;i;:;;li chemical and mechanical
meke=up esthe materiasl was origirslly-formed but also because of subseqﬁgt
changef)for instence by westhering or percolation of water. Engineers use a number
of different assum#tions es to the strength of materiels end the smount of pressure
which tends to collepse a slope. One basic éﬁgﬁg;iéen is that the shesring
strengtdbf coherent material in a bank is half the unconfined compressive strength.
Fig. 6 ihgys the computetion by which the strength of e benk is determined.

= e Dyrtaue— ) .. several

Here « redius of a circles end its center are both assumed. hen the circles

e WA:M : N
gre drewn with various changes inp}heae quenitiess ‘he moments of force due to
weight of meterial which causes feilure and that which resists it ere reedily

- o Wl wedly

computed from mess density (unit weight%a\ The sheer strength s2long the assumed
cirele of sfding is then computed for the different types of materiel cut by
that cirele. The totel resisting force is then compered with thet which might
couse feiluré” The ratiqﬂ of the two is the "factor of safely" and the structure
is designed to keep this as imwxms great es is economical. It is evident that
such enalysis is not of much value to the geologist. ft ignores 2ll nastural planes
of weskness such as shrinkage cracks in clay. Fig. 7 presents a somewhat different

analysis of the forces in = vertical slice of unconsolidated meterial of uniform

. { L4
physical stete. *otel wkhgt incresses directly with the heighbh but only that

component which is directed to the foot of the slope is important, As long es
this does not exceed the shearing strength on 2 curved Xz surface the benk is ssfe.
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Since the engle of the forece ig inverse to height of the benk a curngﬁPoportioned to
the logerithm of distanciz;%%&_figf_iﬁi“?ac%}gﬁgaiﬁb?ggﬁizirhfﬁgu;;;ﬁown feature of
this anslysis is the factoggwhich control tﬂe distance back from the top of the bank
et which breaking starts. FPossibly this is related to drying‘gg to shrinkesge cracks
in claye. It is here asssumed thet shearigg.hés no reletion to the angle phi mxxary
end cen take place in eny direction. An involved derivation used in most text books
of soil mechanies arrives at the conclusion that the safe &Rdght of a benk is four times
the pxpdmzixsfxithe shear strength divided by the unit weight, Taking an unconfined
compressive strength et 1000 gm/cm2 and & unit weight of 2 gm/cm3 this figures out
height e
at 4 x 500 /2 or 1000 cm (10 meters) as the sefe hhigkk of & haﬁﬁbuﬁhder the view
teken abov€)the pressure on a square cm at ﬁ::iiTﬂOOO cm would_be Zkg/bm%porizontal)
gpd the comporent on & surfece inclined about 45 degreeswould be half this per
square centimeter which is twice the assumed sheer strength. As a matter of actual
field onditions the problem in many cases defiE; analyaia'fbr the presence of
water in‘ﬁge pores of & clay mey grestly reduce its streﬁgth and the amount of
guch rgﬁggétbn mey vary widely. Resides this,the above analysis neglects the
fact th:it the sheer strength is not ﬁ:igz;idfthropughout ﬁ::ﬁ of the probeble
surfece of failure.

Conclugion. The subject of eoil mechenics offers an importent field for the
edvencement of kn;éedge of the nature of unconsolidatsd materiuals but considersble
studg from the geological standpoint/is gtill required. The.existing state of
knowledge #4:v§re-compresfseda;lays leaves much to be desired. Fig:_ﬁ is some data

[PV

on an actual test hole where foundation settling had been excessiv§4 /7eologica1

interprepation? hevebeen—edded—



References

Athy, L. F., Density, porosity end compaction of sedimentary rocks: Am. Assoc.
Fet. Geol. Bull., 143 1-24, 1930

Casagrende, A., Uetermination of the pre-consolidsfion load and its practicsl
significences 1Int. Conference Soil Mechanics$xoemés., II, w2 31 60-63, 1936

Kaye, C. A., Principles of scil mechanics as viewed by -a geologist: Trask,
P. D., Applied sedimentationt 93-112, 1950 — — — ——plu
;Dhominger, J. F., and Rutledge, P. C., Use of soil mechaniecs in correletion
and inferpretation of Lake Agassiz sediments: Jour. Geol. 60: 160-180, 1952

Jonegs, Q0. T., The compaction of muddy sediments: Geol. Soc. London Guart. Jour.
100-137-160, 1944

Skempton, A. W., Notes on the compressibility of clayss Geol. Soc. London Quart,
Jour. 1003 119-136, 1944

Terzaghi, K., and Peck, R. B., Soil mechanics in engineering practice, 1948

Van gurkelow, “nastasia, Angle of repose and angle of sliding frictions
eol. Soc. Am. Bull, 56: 669-T08, 1945

Varnes, D. J., Kelation of landslides to sedim@gtary features: Trask, sﬁ D.,
Applied sedimentgtions 229-246, 1950



O R Loy R it 98 P S L : | g i
SRR Tl 5 R T ! “ _ 1 : ' ! T
i {2100 SRR 1 i i i 1 i
q i i ; 2 .anm % AR R o B 1 i R i
o { i R EEEE R L ! ;
1 + 1 peonis T bor s bttt 1
H .W. 7 1 A 0 T8 o, bl + % Lt | 3 i it B | i
T 1 ¢ s t s T + oot =
" = dind L1 kEHERBRMESE skt S 4
i ¢ M 3 |58 i 22 ; AR IR ! i) Sl 414 2ol Fod 5
1 H T ! S S Y 1 - |
i 1 i 1 T ! o gkl 9% it SR i O SRR b !
#38 WEYEY P EEERES iy R R 9 R L1 Lid
AN REO BN P SRS SEBEARE L B RN BT 5 a
1 i 4?4 % R N ey R s 1 3 t +
| i L | : | 4 S (1 {6 ] ! j=d ! !
ity RS ER #RR RS 0 Ll BENETEES i i
I PR : 1 foloy =, AR NER % { ._L.- R S P i
BEREIBS REAFCHURE ERERERREE AN R EB OO TR R R SR
L Lgdd EEARHAERARNRESENEVRGRERCRE R I R W W DR R |
o RSN 4.. LR.,M.,._..W.M...”‘J.”,,II._,V GHEESREY S EEY !
1 BEEPIC SRR NENE T O 5 B R r &
1 5 0 R 0 O 0 o 000 50 0 T B ) . |
o 1 G 0 0 D R 5B S TR S T R e R R o * ey
i -+ T e e e e .,-ﬁia.wi,i by d t e o 8 a
] b ol R 0 0 O o R B (i Gl RO O I B R S TR AR B Gl Y A 5K W e o S
Wl B RAN ST EEREERE R ERENEEYRENNE SRS O U _
AR S8R5 A A A .5 A O
L 0 SRR Y, 3 D OO 8 5 5 N 5 5 O O 0 2 R R R R R B O RO Ll
i1 it gobo 4 4 ot b d ! i L , P otohid o { .ﬁ £ T RS | i H
.T..MIM _. + pgEie ¥ ﬂv_ : i e i Lq, H “.J!.Tr: } s d .w. lurl..l_.jT P )M  aar s
.._.:.",...“ 1 %4éﬁ > e B 0 0 R S o i 3 x o A ij.rax._-a m_“.l_l.‘ i ¢r
: bosrd s peed ek p—t T T H 3 | 3 |
% R PR ] L] 4 ¢ { 2 ket :
| S ! i i | 1 ™ =1 - T
NSNS NSRS SN AN RNREG" EE BN BRI
b +- —t S mas i o 0 B TS 6% 4~
¥ i EERE! HEERARE MRS ! 5 BB :
Tt ' f { H + 1 1 "
i dopen i ARREERREEH S SRR St |
B g , (8 BB T - - SRS EREERe
T $ B s o R R R e e T :
3 1 3 LN § ] $ _J | 1 i =% | | {.° e | }
x _ = Bt ot J.( .I|Jul.+(1 1‘53«.*'.« o } s + e !AM!-{r‘li..kLil—l priaee #
._l.wwl_.. : 28 T$ i doeef feeeial ; o .L.L.u.%ia_ : B e : 5 O w % i w
s N S » : S s pryeaes
A M H r;w.“...H ..TLI P ,.+. ‘_..l“. .ﬁ.....w.uf.:a.d.:.ﬂll"..m.. m. .u_ g W H\ ORI "~ i IS, NG ,....})_Lﬁ:_rffs. Sy S WS T U NN A
. e e e S I LR e g
1 JE Sl et etdad proftodd = A 66 F T M.a. s T...mqr = 3 L
N §731 R R {ool g AR o L, LS O i i ,
i § | .q.a.+ | ol j I el H _H 7 501 i i 3 f
& 144 pep ~ - e I I R
{ IR 15 o Eoer . RIS i l R 1t i
TANES S i R B I 3L i
= SN R BWY i Y8 SRR LT
S s T T o T 7T _ SRS B
| 4 o i d 1 S 4 ¢ 3 :
3 - 1 i3 £ R R 5 1 3
b o | L | : |
_ =y N & =~ j. T — ]
& e : g 2 I
) | a_ e (5 3 | - | I*l‘mliﬁ...lw}.. ! E Lk h ~|M<.. (i ) . l.r} 2 =
RS T ! + I ? RN SRR 4,__._5 1§ ]

o o o . 1 ;e e . 3 5 o o Tt i e S
Wpﬁw,!a 3 oot g e 5 ..aw..frmlﬁir.w g + _ :
! i i 3 : | 4 1S 55 et e L g Bt - ket i

1 Y s 550 = xS t
.N.,Ly W W -MIF. uwl._? } _ﬁ 1 ;r.m..nf+r1 | o - u : H S xw,.
e EaEEa: BESENEEEEW WL - an
de iy L.Plxﬁl.l “ xA_’ 4 + e Lrl%.!.a_.li.ll.[r. { 4~1! SELTE.
5 i ' ; i i faM- |

: a4 R DR bl g o .
| B -2 ey g 2 T -
: $ _ “ l.sr-...w.1r1r bt 8
i tildel Ll S L L L ]

| 5 __ = : % % i O A ..:#.;14.;%4 33
-t } fge . ;
.. i 1 £ { b | i T 7 i
i T 1 i il ._.r!x,.w- : i i 1

T | i } m % : , w - i

53 : P : HEN1 B
] i W ! ¢ § i : mu.# +

N " el + B - o X (-
T SRR N MBS G B 5 B y 4 W
EEE 1 BT H 1 Y
4" S R ORI T =
i - u H b a2t e ~
Li. - .Ilkiupl .o “ zrrl_rln T J_. >
: T T i =Y |
e Lo ik AR IR Al ) i ﬂl.}.p - et
- Tt B RS W WS Ep it r :
] A BB B L ] i H i
= 8 T | | i =
4 2 S IR A, O IS W WO ) e T T R T o -2 T
R ) & LT
= e -t { T W =g 2 1\
1 i _“ - SE- R RN SltE
¥ prid ; iuuri RM.L i i *l T hl&
4 & 0 3
+ resht S = &1 21 w e E y £
ﬁ . . : gD ¢ T - st
: . b r.w ) > i
| n.— _ - _ T
4 = ; ; i
ﬂr. i ¥ C ....M. 5 Wu(s.u..[i :
i Lo Tene® ] aA%
; 8 » ]
t x b &
, s 1 L . ]
E REumassnaNy BuE nr ans ‘ | _.
_ A 4 ‘ B By A e oy g . Ak
L S R k.1 i 3O U RS e o ] e o b o I = 5 i s T -




. o

—
i
&

W

Y} £

Dist, mos
Kes)sT b

Fia— ¥\

AW Py
T 3L,

=
- G
~ 5 (ol

SEREEC

W







S
V*P_

Wpiar ey

o
f??ﬁ&mt' "gw'fonl;/f?l :

4

& T

oY

| SRPUNES ST ST RISIEE ST

e

Spes ') os .\\w u.‘u\_uk.;\ﬁk S



.‘u.
& S . A
. L/
w f =]
e
o 2
]

< 5 2/

=
-
2 ¥
b 3
o
-
L !

LP
ql)f{b{ rflj
’ \'J‘
?0

j#




| B Afzix
j ] l r-: e 'k.\.ﬁ‘ S ..r:t;"‘ A ’l‘--“-. gl Gt

n A ae e } ¢ s - -" e 2

2 Kaye, C. A., Principles of soil mechanics as viewed by a geologist: Trask, P. D.,
" Applied sedimentation: 93-112, 1950

Soil mechenics uses term soil for all mentle or unconsolidated material. Importance
to geologists in estimate of former depth of burial of clays, condi?igps leading to
landslides, shear and failure in unconsolidated material, Ganerallifi?%;zaution of
mechanical concepts into geologic thinking.

Subjects of soil mechanics = quanitative apprisal of stress-strain relationships.
Soils consist of solid, wate{jand gas. 3 catagories: result is rupture or failure,
moderate stress resulting only in deformation, and permeability.

Lest is important in flow of water through dams or subsoil, pressure of pore water and
consolidation by extrusion of pore water. Stability problems involve critical height
of slopes, earth pressure, bearing capactity, Beformation includes study of settling.
In ciays the border between solid grains and fluid-filled voids is not definite.
Layers of adsorbed water produq’ing strength not present in granular material.

In coarse-grained non-cohesive soilslj%hear strength is due to friction between grains.

dry
Exheausing of air from rubbaf/bag filled with sand gives increased strength.. G;iVes

result equal to conditions prevailing at de;fh of about 20 ft.

Take e tank filled with loose sand and then filled with water. A hole cannot be dug

in the sand. If water flowes through the sand and out of a hole at bottom a hole can

be excavated. +f the flow is upward the saﬁd becomes quic€;: 5;:: flow increased
pressure between grains.. Up flow cancelled gravity and reduced frietion.

Cohesion also affects strength. Wet or moist sand cén be moulded because of capillary
tension.

Shear strength of soil is due to combination of two factors Coulomb's equation
:s = ¢ 4 n tan phi where C = cohesion, n = pressure normal to shear plane and tan phi=
qule of internel friction. Not alway§ valid. Varying relation of ¢ and n

Sampding involves both disturbed and undisturbed material. Commonest tests are mechanical

anyalsis, liquid and plastic limits (Atterburg limits)



Kaye 2
Specific gravity of particles, natural weter content, degree of saturation, unconfined
compressive strength comprise index property tests. Simulative tests included
compaction, consolidation, direct shear, triaxial shear, and permeability.
Atterburg iimizk.limits Clay passes from solid through plastic state to a liquid.
Standard method of testing. Difference of two values is plasticity index.
Greater the index the greater the plasticity, compressibilityy dry strength
When platted on ordinary céordinates clays of same general type form straight line.

Clays of different origin form parallel lines Coordinates are plasticity index and

liquid limit.

i

Stability of slopes. Importance gﬁ‘landslide problem.

Determinstionss wight of unit volume, cohesion, angle of ik internal friction, level
of water table. Cross section plstted normal to slope. Center of a circle chosen

at random. Use circle because it is fair approximation of what in fact is irregular
due to bedding, fissures, fractures, concentrgtion of pore water.

Divide forces into a disturbing moment, wi weight of unit length multipled by lever
arm out to its center of gravity. Resisting moment = weight of other or downhill
part of the circle times its lever arm plus resistance to shear according to Couloms
equation of each type of material along circumferance below ground Pressure of
ground on each surface must be found (normal pressure only). Reatio of disturbing
moment to resisting moment = factor of safety. <Then other circles ére drawn and
results compared. ZThat circle with smallest ratio is the critical circle and displays
the surface most likely to fail. Uncertainties include the error in determing cohesion
and internal friction. oSometimes assume that shear resistance along the surface of

feilure is half that of unconfined result. OSeepage forces also give uncertainty.

not to mention cracks, layers, permeable beds, etec.



Kaye 3
Consolidation. Compression of saturated clays un er load Assume that mipéiéi:
particles are incompressible and reductigﬁ on ‘volume must be due to decrgage'iﬁ
vobds. Extrustion of pore water. ‘ime lag is measure ﬁf_permeability.
Soil sample is comp;esseﬁ by atéges and'gayef:allgweg;tg e;ééPe. Results platt ed
ae voids vs log of pregsure. Seé;fig.'3iv After a certein pressure the semi-log
line becyomes straight.,iﬁome'thigk shape of tﬁis vbid;log P cufye reflects previous
history of the clay; Poiﬁ;_b is found by line aC from poini:on curve with leastf;b
redius of cuffﬁiufe Line aB is tangénﬁfat'thié'point, aD is a horizontal line;_‘
aC is bisector of angle betwaenlli@eéiiﬂxlnian and & aB and on extension of
straight line part of the curve. Some support the idea that fhis point measures the
previous history of the clay, i.e. load due to ice or reémoved material%}ﬁ
(pre-consolidation pressure).
Relation to geology,iggdre study now of geology for;fﬁié;ié‘needed to account for
variability of meteri=ls. Many landslides are due airédt}y to high pore-water pressures
Study of minor structures of deposit is vital. ‘isp ofjbiepbfy”of pre-corgclidation
load, changes in water table, Compaction vs. cfuatai movement?'f
Studies of grain sizes end shepes needed. Chemical composition vs permeability.
Loss of cohesive bond in clays is important. Poeé;ble stabilizggioﬁ of soile by
eletrical methods. o0
References Casagrande, A., The detrminatioqvéf”ﬁhe preconsolidation load ;nd its
practical significance: pirst Int. :onf.<oq édii'mechénics, Proc. 3:60, 1936

Texts by Krynine, 1947 - Taylor, 1948, farzaghi, 1943



jé Rominger, J. F., and Rutledge, P. C., Use of soil mechanics data in correlation
and interpretation of Lake Agassiz sediments: Jour. Geol. 603 168-180, 1952
Points to neglect of soil mechanics datp, Few papers relating it to geology.
Primary properties of material depend on source and environment of deposition.
Intermediate and secondary depend upon post-depositional history.
Primary:s specific gravity of grains, grain size distribution, grain shape,
Atterberg plasticity limits(liquid 1limit, plastic limit, plasticity index, shrink-
ability iimit), permeability, compaction characteristies.
Intermediates netural water content and void ratio, unconfined compressive strength,
shearing strength relations, consolidation characteristics
Secondarys pre-consolidation stress, relative u%ter content also called "water plasticity
ratio” or "liquidity index".
Authors used liquid limit, plastic limit, plasticity index, natural water content,

preconsolidation stress and relative water content.

Liquid limit = water content in % dry weight at which remoulded materiel is juet
eble to resist shearing stress. Aribitrary point at which when shaken a groove of
fixed dimensions flows shut. Depends upor minerals plus grain size and sortiﬁg. Not
related to stratification’porosity etc,

Plastic limit = water content at which a predetermined remoulded thread of material
will crumble. Mess yrﬁ%erty of mineralogy plus grain size.

Plasticity index = difference of these two percentages of water.

Natural water content in % dry weight = retio of loss at 105 C to dry sample.
Depends upon grain to grain relationships as affected by deposition plus subsequent
loading. Not related to a water table.

Preconsolidation stress is besis Eglstudies of settling of buildings.

Platted as relation of log of compressive stress to void ratio. Void ratio is
ratio of volume of voids to volume of(sedimen?)solids.

Initisl change is amall and forms a curve which then straightens out.

Shape of curve is similer to that obtained by release of @ load followed by recompression
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Rominger 2 Rebound is shown after release of stress.

This led to idea t%t shape of first curve is resu t of previous loading

Must use undisturbed samples not dried out . There is a displacement of straight

curve after recompression. Original or preconsolidation stress not less than velue

obtained by intersection of streight line with natural void ratio nor greester than

force at point of maximum possible rebound. Useful in finding thickness of ice or

overburden removed by erosion. or results of former drying of a surface.

Relative water content is 100 times ratio of natural water content less liquid limit

water content divided by plawticity index (diff. of natural content and liguid limit

content)

Tables of data show grephicallys Plastic limit; natursl water content; liquid limit.
Plesticity index and relative water content in % of dry weight

Range of preconsolidation stress in tona/'ft2

Jones, 0. T., The compaction'of muddy sedimentss Geol. Soc. London GQuart. Jour.
100s 137-160, 1944

Skempton, ®. W., Notes on the compressibility of clays: Geol. Soc. London Quart.
Jour. 1003 119-136, 1944

Terzaghi, R. A., Compaction of lime mud as a cmuse of secondary structure: Jour.

Sed. Petrol. 10s 78«90, 1940
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;257 Varnes, D. J., Relation of landslides to sedimentary features: Trask, P. D.,
Applied sedimentations 229-246, 1950
Major factorss composition, structurs, state of stress.
Texture- permeability very important Shape of particles
Mineral content=base exchange removing calcium through glauconite causes alkaline
water which deflocculates clays. Gypsum can dissolve More knowledge needed on
clay minersl group. Physical properties. “epend largely on smallest particles which
carry & negative electric charge which attacts positive hyrodgen parts of water
molecules. Thickness of weter films causes plasticity. More water makes mass a
liquid. Clays containing Na adsorb more water in thick oriented films Require more
water than Ca or H minerals. 5 to 6 times as much to become pizxkie liquid
Weter content- Water sround grains of smell sizes influence forces holding grains
together. Disturbance of even vibrq}ion decreases shear strength. Vibration can
cause freeing of water with resulting semi=liquid condition. Disturbance of material
also may cause semi-liquid condition.
Influence of bedding, joints etc.
Permeability. Fermeable layers allow water to enter and lubicate surfaces.
Stress distribution. Two sets of forces, those tending to produce slide and those
which oppose it “‘he angle phi in Coulombs equation is about the angle of repose
of gand. Cohesion of sand varies with water content.
Pore water pressure should be subiracted from the constant which affects tan phi.

Extensive bibliogrephy



EST HOLE NO. 2, JONES ISLAND, MILWAUKEE, WIS.

Near center sec. 33, T. 7 N., R. 22 E. Llevation 9, city datum
Klug and Smith Co., Engineers

Milaeger Well Drilling Co., Contractors, 1951

Semples examined by F. T. Thwaites, Nos. 155769-155789

0-9%  |9% Fill
9:=233 |14 |- ...:-.)| Send, fine to pebbly, gray, shellss modern
i leke deposit
D 233-34 |103|——--_<3| Marl, bleck = filling of lagoon
R 34-43; | 93| = =——-| No semples, marl
; 434=055 |22 é;é;f:f;} Marl, light gray
T etk
€5:-79 13@-}}:_‘_ Send, fine, grey, silty= river or beach sand
= i[e="s*<"< | Gravel, fine, sand and, wmediuu to fine, 1t
19-945 |15, e R 5ray,’sllt ’Jray ¥§ gl éood (postglaciai
I [983=97 [ 25————" Clay )

Depths rounded off

to half feet
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Some prineiples of soils mechanics m to geology ané zeomorpholog y
. Introduction. Soil meshemice is a brafach of enginsering which has
to do with those physical preverties of mconnolidato”tmtmna whieh are
importent ir engineering operationc, The term "soil® is here employed
in the gense of 211 mantle rock regardless eof depth or erigin. "iechanics"
refarz to the reesi~tance of there materials to either fragture or compaction
(settiing or eongolidation.) Fracture or other movement of the moterial is
terned nfaflurer, It fis evident that the propertier sre ;iiam %o several
- geomoarphic processes, for instence the almpiné of wet glacial drifs,
and land forms dus to mass movement of uneonsolidated mtor!al.‘ Moreever,
the ongineering determinntions are a waluable tool in the deseription,
corvelation, and history of the swrfieclel materials of the es-th. gince
pecloziets ave fremuently censwlted im reletion to engineering yrobicms
in cubaidenecs, exmting)anﬂ. mlpine it f2 very impeortant to vrderstend
thece relatively new touts smd —kysieal measurments.
fenlogice]l deserivtions, In the pest geologists have to a2 large extent
igmored ohysiesl rroporties of nnconsolidated msterlals, Thelr de=eritions
have been almest entively origin, verticle size dlstridution, maee chemical
annlyelc, snd %0 some extent minemlezy, It is evident that origin le
too sonersl to furriesh mueh holn in moet probleme. The pecond iz Imewn as
meghanisal analyeds ~nd ¢onsiets in sereen separ-tion of the vertieles dom
to » dlemeter of shout 0.07 mm. The smeller diameters after dgssdj@atlon
b} uge of o etreng elkalie 2pe plaeed in suspension in water. . tee is made
of the tmown rates of settling and the deneity of the mixture teo find
relative proportions of different prades, nesulte of sueh amalyses sre
. presented in various ¥inde of dissyenms, frlor o the develonment of
Y-ty evanination and the sleetron mieresecops, mass cheltenl analysis was
the omly poesidle tool %V sminaﬂon of the sub-microscopisc nartisles,
Atterpte to apponiut\; elemerte rercrted by the chemist into minerals
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were most uwncertain, Now the mineralegy, shcpoe)and ayprangement of the
small particles i= such better known. Their diametors are often exnressed
in plorons or thousandths of a millimeter. The shapes of t:;eso(yﬁauor than
about 2 mierens cannot be seen with the ordinary mieroseope. Most of the
small partieles are flaky and are lumned together as glay minerals.
Particles smaller tham 0.1 micron are terned colloids and posses peculiar
properties wM.ch together with those of ::hor small particles !nnmeo

the msm mture of the entire mess to an extent out of pmporﬂon %o
ther qm!.w. One of these proverties of colloids is a negative eleotrie
charge wbd.oh attracts the hydrogen of water molecules. The resultiang layers
of aisorbed water contain the jons of glectrelytes. These rroducte of
diusociation of molecules react with ome another ceusing the phenomenon

of bage exchanse. Mgch of the yoid spase between smell parficlec is
#ilied with adsorbed substances. Roth gohesion end plastielly AHE
PROPRRTINS DUE 20 GOLIOINS and ihe phyeleal arrangement of the small
minerals varies widely with the etate of gonsolidation due io pressure.

joils mechanies determinstions. ‘t ie evident that the ordiirnary
o 96#@-77"'4”#9 rocl|
geological deseription of one ef the—nccumistions which contains a large
provortion of fine pariicles leaves much to be desired in Imowiedge of

ite nlwl;\%ll nature, TFor this reason engineere have used a wide variety

- of other deterninations, Those mest omonly measured comprize: (=) bulk

dencsity or unit n!ght(i:tn gp/ﬂ 191' 1belft ): () voide in pergent either-of
oy con ent
welshi o of wlm: {c) water tn vereent of dry welght, (d) Atierburz limits
of dvy wenght
which consist of Wt or nercent of ntar at which erumbling
d\f\l wey h\

ceases, 1iauid 1imit or percent of vater, at whieh flow begins under sveeified
conduiena. and plestielty index or difference of these twe; permeshbillty

R ey t,0¢F§u.|¢nf

er rate of water movement throngh the material under speeified cenﬂiuom;

m om’)

sheer gtrength wnder standard mﬂimm mﬁmw -xms!!a_
similar %o the meacurment en firner nterm; gohesign determined from



.
coupression with sides uwnier pressure; o gsion rate as tested with
force applied %o only one end of a sylinder; and precompression limits

: (Ko/em™ or tons [inz )
an oeztimate of apparent comproasionﬂof the naterial earlier in its history,
or nricr %o belnz brought to Bhe svrfoee. Ipn revorte of these testes 1t is
trporbant o note that tg/E. is almost exactly equal to short tonms/in2

Plastisity. we do not need here to detail the arbitrary eﬁt—em
whish have been set wp to make plastielty messurements but their relation
afvgs to the origin of the clays is important to geclegy. wlmt liguid
14ait §s plabied agatnst plastislby index on ordinary copebdnstes all
results 255 the same kind of clay from tho standpoint of origiu full either
on oOF elo/qéo to a str Mt line. The slope of lines for different

iﬁxos:w:rm#(ﬂ 1} Clays which contein sodium

require much more water ¢ begome vlestie than those with minerals conmfg
calcium or hyddrgen. It is alse te be noted that in 1iquid limits we

have an appreximation to the veint at which clave

wmnumtaimﬁs.w&%% 6‘""\ ’L"’r"”“”t'j

Skvength tests. long 2zo the stremgth of unconsolidated material
sheariny force
was expressed u Coulombs equatior) sirenzth = cohesion piusforce mermel-to”
- : : 3
a-viare-of shear tines the tansent of the angle of thk:phu.mﬂ'”“/ friction
(s = @ % p tan phi.Q In the case of a sand vhich ig dry and shows no sohesion
the angle phi is eviden®ly the anrle of remose &t which the matsrial will
angule

will rest. "his angle 18 shout 24 Jegrees in dry sand with r&aﬁe@minn
and siishely leas when the sand is below water, As in & talue ) the sand
48 held togethsr by internal fwiction, vhen & finer material is belew
water the value of p is rednced by the amount of pressure of the water.
Uneonfined compressive strengih is readily mecsured on & cylinder of

v 2
‘ sohenive materisi. Xt ramges in clays from .25 to about 4.0 kg /[ea %

The values of cohesion and of phi are not se cecily determined. =hem
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Some tests have been mede by finding the force needed to bresk a cy*lindor of
undisturbed material by sliding one half of a containing box over the other.
Arother method is to enclose the specimen in e weter-tight flexible cover,
It is then imnersed in a liquid which can be put under pressure before force is
acrlied to ons end. Contuined water may or may not be allowed to escape from the
container. Pressure is applied until the specimen faiis., This type of test is
known os m triexiasl. The confining force or pressure iz amidxkhs is platted on
the horizontal line of Fig. 2. The value of the force st time—ef failure then
lies to the right. The distance between is halved end & circle drawn passing
through both points. This is known as the Mohr circle of stress. If the

(‘,M—W
proceedure is repected with another specimonrend larger stresses a second circle

can be drawn. Then a line is drawn tangent to both circles. Its slope from

the horizontal then determingg the value of phi and the distance.of its intersection
with a vertical line through the origin et left measures the value of cohesion.
However, a comuonly used value of shearing strength for uo*?rwet clay is

half the unconfined compressive strength.

Compression. The phenomena of compression are measured by placing a short
gection of undisturbed core in & circular ring. Opportunity for esczpe of water
is provided at the bott:?n and pressure is spplied at the top. &t first the
rate of dimension change is rapid, then it slows up end if the test is carried
on far enough would eventually cease. (Fig. 3). Houﬂver, it is customary to
plat mhonga percentage of voids against logaritm of pressure as in Fig. 4.

This enlargement of the horizontal scele for smell forces changes the curve

so that the first part has a gentle slope whieh on ineri%ing pressure changes to
a uﬁ%iaght line. Under this conditio?)rate of change of voids is inverse to
pressure. This line may be extended qggazﬁ in the diagrem until it intersects
ihe herizontal line representing th::é?;ﬁggal void retio.

Recompregsion. If after roaching the streight line portion of the grzph

pressure is gredually reduced f‘ oxg ds although the original pore spece ratio
2

e
N
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often gives too small a thickness of eroded materialilﬁln semples taken from

ol b
]

5

is not attained. Recom; reasion then gives a curve which has been displaced
l,(ﬂ-w-m'“' T A U: z

tc the left. It hes been claimed that th cheracteristics of this curve anablo

the discovery of the point at which pressure was reduced in the first ezperinent. .
Jo om 2ardatn Mazan apimﬁk%—(lAﬂumﬂwﬂmW* 4

The proceodurekis to first draw a tangent to the mrx second curve at the pqint’of

minimun redius ag estimeted by eye. & norizontal line is then drawn through{fhe

7 \
point of tangency. (Fig. 3 %) The angle between these two lines is bisected

end the line from point of tangency extended until it intquggts the ext onsion L

of the streight portion of the sgrond curve.
) ~Ai,\o4/]a‘~.

Precompression stress. Fig-§*showo—heug§bmo investigators have used the f

@5t imate i

above method to discover the amount of pressurs that a ciay once sustained prior’to
h;lh l ]

either erosion of overlying mateiial or melting og ioa- & loed of water has no%

effect on precompression of a clay which it enters. If tho method iﬂfalwaya é

relisble it would affor a valuasble tool to the geologia Untortunately, a very

gimilar effect results from drYin%kffﬁfdfif!:/>It has been gtated that thé®method

test holes or pits it may be checked with the load which rested oh the specimen
before it was brougkt to the surface. A marked oon;iétont departure of the

from sctual load is nevertheless & ;roof of
Note that in the figure the streight portion of

values of precompression stress

either erosion or former drying.
compress § extended upward until it meets a horizental line

drawn at the level of an asaumed'eriginnl void ratio. Another line parallel to the
final curve is also dreswn whica ig supposed to bé thefpaximum possible position of

a ourve if the specimen hed been compressed when 'in ié; original condition prior to
the deposition of any overburden. This slso is ;xtendod until it intersectes the

line of originsl void ratio. The difference of prossufe read on this line between this

end the sctual recompression (or compression) curve iifthen recorded as “range of
A

precompression stress” & mark is often placed to 1ndicate thﬁi“probablﬁbvaluo“.

)



PEeR
6

The value of this range is in & sense a measure of the amount of compaction

which the material hes undergonse, ﬁlt xso;ms ag if it is bused on too meny

estimates to ever be an exact ustéfmination.

Fgiiure of uiopes. One of the ever~present problems of engineers is how
high end how steep is it safe to leave the pide of an excavetion in uncongolideted
material, Geologistis are interested in this problem in considering the naturel |
reduction of slope of valley sides snd the sttainment of equilibrium in nlqua.

We must recognize at the ouﬁset that the physical conditions withiqj a bank ﬁf
"goil" mey vary greatly by reason not only of its %ﬁ?ﬁi;:i chemical end mechanical
meke-up _ag-the meterial was originallyformed but elso beceuse of subseqndt
changea for instance by weathering or percolation of weter. Engineers use a2 number
of different assumptions es to the strength of‘EEPeriala end the smount of pressure
which tendz to collapse a slope. One ba:iézaéﬁzzétﬁon is that the shearing
strengthof coherent material in a benk is half the unconfined compressive strength.
Fig. © shows the computation by which the strength of a benk is determined.

Herc a redius of a circles and its center are both assumed. Phunsgé:r:ircIUl

erc drewn with verious changes in these qu&nities.l The moments of force due to
weight of meterisl which causes failure and thet which resists it are reedily
computed from mess density (unit weight). The sheer ﬁtrength along the assumed
circle of sgding ie then computed for the different types of material cut by

that cirele. The totel resisting force is then compared with thet which might
cause falluré Tae ratiof of the two 1s the “factor of safely” and the structure

is designed to keep this as kawxmn great as is economical. It is evident that

such enalysis is not of much value to the geologist. ft ignores all natural planes
of weakness such as shrinkesge cracks in clay. Fig. 7 presents e somewhat different
analysis of the forces in a vertical slice of unconsgelidated material of uniform
phyﬁical state. ‘otal v¢$hgt increascs directly with the heighh but only that

component which is directed to the foot of the slope is important. A4s long as

this aoes not exceed the shearing strength on e curved gix surface the bank is safe.
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Since the ungle of the force is inverse to height of the bank a curve proportioned to
the logerithm of distance back from the facg;should result. The unknown feature of
this snslysis is the factor which control the distance beck from the top of the bank
et which breaking starte. Possibly this is related to dryingﬁé§/to shrinkage cr;bks
in cley. It is here assumed thot shesring lLiss no relsztion to the angle phi llxi;l
and cen take place in any direction. An involved derivation used in most text books
of soil mechunics arrives at the conclusion thet the safe E&Aght of a bank is four time:
the pxmiusixefxths sheer strength divided by the unit weight. Taking an uneonfiped
compreaéive strength st 1000 5m/cm2 end a unit weight of 2 gm/bm3 this figures out
at 4 x 500 /2 or 1000 em (10 meters) as the sefe ::;:;; of & bank. Under the view
taken above)the pressure on & square cm at dppthdiooo ép would be 2kg/buzhorizontal
@nd the component on e surfece inclined about 45 degrasgtould be half this per
sguare centimeter which is twice the assumed shear utrﬁnéth. As a matter of actual
field onditions the problem in many ceses dofiei snalyais for the presence of
weter in the pores of e clay may greetly reduce ite atrength‘and the amount of
such reduwetion may very widely. Besides this}tho abova analysia neglects the
fact th:t the shear strength is not Qiitiﬁéa throoughout i%;ipof the yrobable
surfece of fsilurs.

Conciugion. The subject of soil mechenics offers an imvortsnt field for the
advanceient of knsgedga of the neture of unconsolidated matericls but considerable
studji?ﬁgzuﬁha geological stendpoint is still required. the existing stete of
knowledge £ﬂ#—pre-comprecjloévﬁlayl leaves much to bo aesired. ?ig. 8 iv some data

on an actual test hole where foundation settling hhdybeen excessiVe._/?eological

inter;repation,rhave-becu-adﬂudv
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