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PREFACE

Tt has been my pleasure to serve as chairman of the Technical Program
and Proceedings Committee for the 29th Annual Highway Geology Symposium
and, in collaboration with Dr. Kenneth N. Weaver,-to review the manuscripts
for these Proceedings.

The theme of the Symposium was Urban Geology on the Fall Line. The
papers presented here reflect the range of geological circumstances that
affect the construction of highways. These include not only the traditional
engineering geological perspectives such as slope and grade étability but
also the characteristics and availability of the materials forbtheir
construction.

More and more the engineering problems of urban transportation and
construction are coming to extend beyond the basic of design and construc-
tion. These problems now involve the consideration of environmental
effects, availability and deliverability of aggregates and other materials,
control of noise and vibration, monitoring of ground water and the
avoidance of conditions leading to deterioration of ground-water supply
and quality.

The common thread connecting these topics is geological science,.
whether in its classifical form or in the specialized areas of geotechnics,
geophysics, environmental geoscience, hydrology, and other subdisciplines.
This group of papers illustrates the raﬂge of subjects that now concern
the professional engineering geologist involved in highway and related
construction in and near large areas of the eastern United States.

Michael A. Ozol

Martin Marietta Laboratories
Baltimore, Maryland
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ﬂ,ﬁj GEOLOGIC CONTRASTS ACROSS THE FALL' ZONE

B »

[ Emery T. Cleaves
Maryland Geological Survey

;] The theme of the 29th Annual Highway Geology Symposium was 'Urban
""" Geology on the Fall Line". In the initial paper of the volume I will

emphasize the "Geology" of the theme, and attempt to sketch a general

|: !

picture of the geclogy that borders the Fall Line, or Fall Zone, as T

prefer to call it. The Fall Zone (Figure 1) separates the unconsolidated

to semi-consolidated sediments of the Coastal Plain Province, from the

metamorphosed crystalline rocké of the Piedmont Province.

1
|
|

The Piedmont Province is characterized by rolling uplands dissected by

(
t

narrow steep-wall valleys. The gorges cut by the Potomac and Susquehanna
rivers are spectacular examples. The terrain is underlain by Precambrian

and Paleozoic crystalline rocks. Gneiss domes, cored by Precambrian

|
L%

Baltimore Gneiss are overlain by the Setters Formation, and Cockeysville

Marble. Mafic rocks like amphibolite and gabbro are present as well as

'
!
i

b
(-

serpentinites such as those at Soldiers Delight and Hunting Hill (Figure 1).

:jmj The Hunting Hill Serpentinite has a certain notoriety, due to concern about
. asbestos and environmental health. Felsic schists, gneisses, and phyllites
e comprise most of the remaining terrain in the eastern Piedmont.

I : These hard crystalline metamorphosed rocks contrast strikingly with
- the unconsolidated to semi-consolidated gently dipping Coastai Plain

] formations composed of gravels, sands, silts, and clays. The Coastal Plain
e m Province south and east of the Fall Zone is‘characterized By broadly rolling
N to dissected plains cut by tidal rivers and estuaries which extend back to
e the Fall Zone. Coastal Plain rocks include those of the Cretaceous Potomac
T Group which is a fluvial-deltaic complex of gravels, sands, silts, and




Figure 1. Geologic Map of the Fall Zone in Maryland

Geology generalized from "Geologic Map of Maryland" (Cleaves, and
others, 1968). |

Geologic symbols: Q, Quaternary; Tc, Calvert Formation; Tn, Nanjemoy
Formation (includes Marlboro Clay); Ta, Aquia Formation; Ku, Monmouth,
Matawan, and Magothy Formations; Kp, Potomac Group;.fsg, felsic
schists and gneisses; msg, mafic schists, gneisses, and amphibolites;
5, serpentinite; cm, Cockeysville Marble; gd, gneiss domes including
Setters Formation and Baltimore Gneiss.

Other symbols: T, Towson Quadrangle; B, Bowie Quadrangle.

]
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clays. Southeast of the Potomac Group marginal marine and marine forma-

tions are exposed such as the sandy Magothy Formation, the glaucontic,
sandy Aquia and Nanjemoy Formations, and the famous Miocene, highly
fossiliferous silts and clays of the Calvert, Choptank, and St. Marys
Formations.

The geologic contrasts carry through to the mineral resources. In the

Coastal Plain, sand and gravel for the construction industry constitutes

the major resource. Until recently clay was extensively exploited, and bog

L]
]
.

iron ores were very important in the 1850's. In the Piedmont, crushed stone,
derived from marble, gabbro, serpetinite, and gneiss is Presently the major
product. Formerly, chrome, copper, feldspar, slate, and dimension stone
were major resources.

Of all the resources, water is by far the most important. In the

Piedmont, surface water reservoirs such as Prettyboy and Triadelphia

(Figure 1) are required to provide the major urban areas with adequate
water. Ground-water from wells in the crystalline rock provides the water
supply for individual homes, small industries, and some smaller communities
beyond the reach of the Baltimore and Washington distribution systems. In
the Coastal Plain wells tap sedimentary aquifers and provide water for
individual homes, industry, and cities such as Annapolis. The contrasting
geology of the two Provinces underlies the difference in water-supply sources.
In addition, more detailed examples further illustrate contrasts between
the Coastal Plain and Piedmont. Two recéntly published atlases of the Maryland
Geological Survey provide examples — the Bowie Quadrangle (Glaser, and others,
1973) located beside the Patuxent River in the Coastal Plain, and the Towson

Quadrangle (Cleaves, and others, 197L4) located just north of Baltimore City,



in the Piedmont Province {labelled B and T, respectively on Figure 1).
Considering the Bowie Quad first, the Quadrangle Geologic Map (Figure 2a)
displays a typical Coastal Plain situation, gently dipping, unconsolidated
to semi-consolidated sediments consisting of gravel, sand, silt, or clay,
with the exact lithologies varying in each geologic unit. The formations
range in age from the Aquia Formation of Paleocene Age to the Marlboro
Clay of Eocene Age (a thin plastic clay ﬁith silt partings) to Pleistocene
Age terrace deposits along the Patuxent River, and alluvial deposits of
Holocene Age along the rivers and streams.

Potential mineral resourceé are confined to the Pleistocene Age sand
and gravel terrace deposits located along the Patuxent River and the
Marlboro Clay (Figure 2b). The sand and gravel has been, and is, being
extensively excavated and used by the local construction industry. Sand and
gravel reserves are still available. However, their exploitation is influenced
not only.by the need for the material but also by regulations pertaining to
sediment pollution, wetlands, and local zoning. In contrast, the clay
deposits have not been exploited. Although suitable for face brick and
structural tile, it seems unlikely that the clay will be developed due, in
great part, to the value of the land for farming and housing developmenfs.

In the Bowie Quadrangle, some geologic factors which affect general
construction conditions are specific to coastal plain sedimentary terrain.
One such factor is the occurrence of the Marlboro Clay (Unit 1, Figure 2c).
The clay is essentially impermeable. During wet periods water movement along
the top of the clay creates conditions favorable for slope failure and land-
sliding, both in the natural state and when modified by construction activities.

On the other hand, flood plains (Unit 2, Figure 2c) are a geologic factor



Figure 2. Bowie Quadrangle Maps (adapted from Glaser, and others, 1973).

(a) Geologic:
Qal: poorly sorted sand, silt, clay and gravel; Qtc: sand and
silt, minor clay and gravel; Qt: sand, gravel, silt, and clay
(stipple); Tec: Calvert Formation, fine-grained sand, silt, and
diatomaceous silt; Tn: Nanjemoy Formation, poorly-sorted clayey
glauconitic sand; Tm: Marlboro Clay, plastic clay with silt
partings (black); Ta: Aquia Formation, well-sorted glauconitic
sand

(b) Mineral Resources
clay (stipple); sand and gravel (open dot)A

(c) Geologic Factors Affecting Land Modification

1, Marlboro Clay; 2, flood plain; 3, 15% slope







Figure 3a.

(a)

(p)

(0)

Geologic

Qal: Alluvium; Qac: Colluvium and alluvium; Kxs: Patuxent
Formation, sand and gravel facies; pt: Pegmatite; gg: Gunpowder
Gneiss; r: Raspeburg Amphibolite; o: Oella Formation; 1: Loch
Raven Schist; cm: Cockeysville Marble; s: Setters Formation;
peb: Baltimore Gneiss

Mineral Resources

s-g: sand and gravel (open dot); p: pegmatite (black); m: marble

(horizontal lining); q&g: quartzite and gneiss (stipple)

Towson Quadrangle Maps (adapted from Cleaves, and others, 197Th).




which may occur in any geologic terrain in the humid east. The ground-water
table is at or near the surface; swampy conditions are common — hence poor
drainage; and part or all of the area is subject to flooding with coincident
high velocity water movement and shifting substrate. The third unit

(Figure 2c) represents slopes greater than 15%. This limit is an artificial,
man imposed constraint, related to buildingvcodes, but is also related to
the physiography of the area.

Having considered the Coastal Plain, let me turn to a Piedmont environ-

ment, illustrated by the Towson Quadrangle. The Quadrangle straddles three
physiographic regions in the Piedmont: +the Fall Zone, the Phoenix Domes,
and the Harford Plateaus and Gorges. These physiographic regions are new
designations, and will be formerly described in the literature at a later
date. Coastal Plain sediments feather out and Precambrian and Paleozoic
crystalline rocks are exposed at the surface (Figure 3a). This Quadrangle
has a particularly varied suite of rocks including unconsolidated sand and
gravel of the Patuxent Formation? guartzite and gneiss of the Setters
Formation and marble of the Cockeysville Marble.

Mineral resource potential in the Towson Quadrangle is much more varied
than that in the Bowie Quadrangle and includes sand and gravel, marble,
pegmatite, gneiss, and quartzite (Figure 3b). This greater potential results
from the location of the Quadrangle astride the physiographic transition
between the Fall Zone Region and the Phoenix Domes Region in the Piedmont
Province. However, mineral resource potential is not nearly as varied in
most gquadrangles in other physiographic regions of the Piedmont Province.

The sand and gravel resources occur in the unconsolidated sediments of
the Patuxent Formation. The sediments were used for fill, aggregate, and
construction sand as late as 1974, but the supply is now exhausted or pre-

empted by urban development.



Figure 4. Block diagram illustrating lithology, saprolite, landform

relationships

Landform units: L1, L2, L3, S1, 82, 83, Sk, Ul, U2, U3

Geologic units: p€ba (Baltimbre Gneiss, augen gneiss member);

sq (Setters Formation, quartzite); sg (Setters Formation, gneiss);
¢ (Cockeysville Formation); 1 (Loch Raven Schist); saprolite shown

by stippling; alluvium colored black.
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The crystalline rock mineral resources are not presently being quarried.
These include gneiss and quartzite of the Setters Formation, pegﬁatite, and
the Cockeysville Marble. These potential resources will probably remain
undeveloped due to encroachment of the Baltimore suburbs and the presence of
Loch Raven Reservoir, a major part of the Baltimore water supply system.

Marble for lime and crushed stone, and gneiss for crushed stone are

mineral resources confined to the Piedmont and Tall Zone. They reflect the

crystalline rock geology in the area. Sand and gravel are confined to the
sediments of the Coastal Plain and Fall Zone. They reflect the geology of
the sediments. The two resources are juxtaposed only in the Fall Zone.

Geologic factors affecting land modification in the Towson Quadrangle
are keyed to overburden thickness in the crystalline rock terrain, and tb
lithofacies in terrain underlain by sediments. The situation in sedimentary
terrain is discussed above (Bowie Quadrangle) so now I wil; consider the
situation in crystalline terrain. |

Overburden thickness was selected as the key geologic factor affecting
land modification, and is directly related to thickness of saprolite which
mantles the Piedmont crystalline rocks (Figure L4). Weathering of the marble
produces a residuum of extremely variable thickness, in which pinnacles of
fresh rock asnd residual boulders commonly occur. Slopes steeper than 12°
(Landform units 82, 83) are underlain by a thin saprolite.usually less than
5 feet, regardless of rock type. Upland areas (U1, U2, U3) are underlain by
saprolite, the thickness of which varies with lithology. On the Loéh Raven
Schist (1) saprolite thickness commonly exceeds 20 feet; on Baltimore Gneiss
(pfba) the saprolite is generally 5 to 20 feet thick, and has numerous

residual boulders. On the gneiss member of the Setters Formation (sg), 20 feet

~11-
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Figure 5. Towson Quadrangle: Geologic Pactors Affecting Land

Modification (adapted from Cleaves, and others, 197L).

(a) Geologic Map. See Figure 3a.

(b) Landform Map. Compare with block diagram (Figure 4) for visual
impression of relative slope and topographic position.

(c) Geologic Factors Map. (1) Higbk wéter table, flooding; (2) over-
burden 0-5 feet, slopes exceed 120; (3) overburden 0-5 feet,
slopes less than 120; (4) variable overburden thickness; rock
pinnacles and residual boulders; (5) overburden 5-20 feet;

(6) overburden exceeds 20 feet; (7) sdt, terrain underlain by

sedimentary deposits,

~12-

e e ™ % D9 T E T A L B B ' - - i
’ 2 " : X . be. IR i ri 8 i, -La : ﬁ . ﬁ ﬁ ﬁ K .
. | . | o R



or mdre of saprolite is common, but on the guartzite member (sq) saprolite
is thin or absent.

Using these lithology, landform, overburden thickness relationships, it
is possible to comstruct a "geologic factors" map on which thickness of over-
burden is the primary factor. Part of the Towson Quadrangle illustrates such
an application (Figure 5). For example, wherever steep slopes occur (Figure 5b,
unit 82, S3), overburden thickness is estimated to be 5 feet or less (Figure 5c,
it 2) regardless of rock type. Wherever pegmatite occurs (Figure Sa; pt),
regardless of landform, overburden thickness is 5 feet or less (Figure 5c,
unit 3). Wherever the Loch Raven Schist occurs in combination with landform
‘uﬁit U2, overburden thickness exceeds 20 feet. Compare Figures 5a, 5b, 5c.
Ffom a construction point of view the map provides, among other things, a
‘géneral overview for estimating the presence of rock at or near the surface.

The map atlases considered above are essentially map exercises, an
éﬁtempt to predict in general terms some of the geologic factors which may
constrain man's modification of the landscape. Let me briefly review what
actually may occur during a construction project. The project I am most
familiar with is the Susquehanna Aqueduct, which carries Susquehanna River
water from Conowingo Dam to Aberdeen and to Baltimore (Figure 1). My comments
relaté to a cut and cover trench between Aberdeen and Baltimore. This section
liés entirely within the Fall Zone. The water pipeline is 108 inches in
diameter, and trench depth varied frbm a minimum of 1L feet to 35 feet, and
. width averaged 1L feet.

Excavation rates in saprolite varied with the degree of decomposition of
the parent rock. Subaerial, chemical weathering Qf the rock resulted in

bouldery saprolite, or alternating layers of hard rock and saprolite, or in

-13-
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. PERCENTAGE OF BANK
THAT FAILED

Saprolite
. PERCENT OF BANK Sand
LiTHoLosy —
B other (Bedrock,

Colluvium, Fill)

Ground Water -

[T, PERCENT OF BANK
FAILURES, BY
CAUSE

Vibratjon

Structures in
Saprolite

Miscellaneous

B0

Figure 6. Bank Failures in Sediment. and Saprolite (Cleaves, 1978, Figure 16)

Table 1. Excavation rates in saprolite (Cleaves, 1968, p. 17)

Quartz monzonite saprolite 270 yd3/hr

Amphibolite saprolite, some residual boulders 230 yd3/hr

. il e 2 FAIANA I PSR B 3 N ol
. | . B I

Bouldery alluvium over amphibolite saprolite 200 yd3/hr

Bouldery amphibolite saprolite 140 yd3/hr

1k~



rock completely altered to saprolite. Quartz monzonite, which decomposed
completely to a silty sand saprolite was excavated at 270 yds/hr (Table 1).
Bouldery saprolite developed on the Aberdeen Metagabbro varied considerably
in excavation rate depending upon the size and number of boulders, from 140
to 230 yd3/hr. On occasion, rock ledges ér very large boulders stopped-
excavation completely until the offending rock was drilled and blasted.
Saprolite ranked second after sand as unstable wall material (Figure 6).

Bank failures in saprolite were related to three factors: preservation of
primary rock structures such as joints, the presence of ground water, and

vibration from construction equipment.

Fxcavation and wall stability of the sediments were related to engineering,

hydrologic, and lithologic factors. Depth of excavation is an engineering
factor, for example. One section of trench which avéraged 2h feet deep was
excavated in beds of clay, sand, and silty sand at a rate of 85 yd3/hr. The
same combination in a trench averaging 15 feet in depth was removed at a
rate of 130 yd3/hr. In general, however, excavation rates were mainly
influenced by lithology. Clay was the most difficult, with rates varying
from 120 yd3/hr in a dense, tough clay to 230 yd3/hr in a silty, sandy, clay;
gravel was removed at rates from 150 to 210 yd3/hr; sand excavation varied
from 240 in clayey sand to 360 yd3/hr in a gravelly sand.

Trench walls in which sand was exposed resulted in the most treacherous
wall stability conditions encountered during construction. Readjustment of
sand to its angle of repose plus contributing factors of ground-water
saturation and/or vibration from construction equipment resulted in more
‘failures than in any other sediment, saprolite, or-rock‘ Sluffing and
cave—ins in water-saturated sands were common. Cave-ins resulted from

ground-water sapping at the base of the trench. Particularly dangerous




situations developed where clayey sediments overlaid water-saturated saﬁd
and collapsed into the trench due to sapping of the sand. ZEqually
dangerous, and perhaps more frustrating, were failures in dry sand
triggered by vibration from the construction equipment. In some instances,
the trench was 4 to 6 times greater in width than in depth.

Much more could be related about the Aqueduct, about the map atlases,
and about the very significant differences between the crystalline rock-
saprolite Piedmont Province and the sedimentary Coastal Plain Province.

I hope this brief overview provides a geologic setting in which to place

the subsequent papers of this'Symposium.
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* George A. Rabchevsky _
Rainbow Systems, Inc. i
Alexandria, Virginia

David J. Brooks .
Environmental Sciences Group :
General Electric Co./Matsco
Beltsville, Maryland

LANDSAT OVERVIEW OF FALL LINE GEOLOGY

) ABSTRACT: The Fall Line 1is defined as a zone that
separates the soft sedimentary material of the Coastal
Plain from the harder rocks of the upland Piedmont
Province. Consequently, construction within or along
this zone is often influenced by various aspects of
this diverse geology and the resultant geomorphology. |

A review of the existing Landsat imagery along

the Fall Line, in conjunction with supporting data
from ground observations and aerial photography and
imagery, show that the resolution of the Landsat
imagery is too coarse for detailed geological
engineering applications. And, the nature of the Fall
Line is such, that even at larger scales and higher
resolution this boundary may not be well mapped from
the air or from space platforms. The Landsat 1imagery,

however, is adequate for the delineation of the

¥ Address Change: U.S. Bureau of Mines
2401 E Street, N.W.
Washington, D.C. 20241
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regional structural geological trends, lineaments,
structural features, geomorphic forms and the changing
landuse patterns. For example, within the Fall Line
zone the vegetation boundaries, surface water, and
sometimes even. the scarp of the Fall Line can be

inferred directly from the Landsat imagery.

INTRODUCTION:
Traditionally the Fall Line has been accepted as a

zone separating young Cretaceous soft rocks and
deposits of the Coastal Plain from harder Precambrian
igneous and metamorphic rocks of the ancient Piedmont
Province. (Darton, 1950; Johnston, 1964; USGS, 1967;
and many others).

The morphology of this region is largely controlled
by the properties of the underlying rocks. However,
there is a scarcity of exposed bedrock except in
stream, river, or road cuts. What one finds in most
places, for example, is that the Coastal Plain/Piedmont
boundary is overlain by clays and sands, resulting,
in part, from the decomposition of the bedrock.
Therefore, the topographic expression of a fall-line-
scarp is, for the most part, worn down by erosion,
or masked by weathered materials interleaved with a
cover of Cretaceous marine sediments and younger
terrigenous materials. Consequently, because of the
distinct difference between the Precambrian and
Cretaceous lithologies, the mapping of the surface

gegology in this zone is of practical importance in

—-20-




connection with the siting of major construction’
projects such as dams, power plants, railroads and
highways.

To date, numerous papers and studies document
the utility of satellite remote sensing and
specifically the use of Landsat imagery, for mapping.
For example, before Landsat, Nimbus satellite imagery
was used for geological purposes, and in particular,
the delineation and mapping of the Fall Line boundary.
However, since the launching of Landsat-1 in 1972, an
jdentical Landsat-2 in 1975, and a somewhat modified
Landsat-3 in March 1978, satellite images of the
Fall Line zone can be routinely collected and
available. And, it can be shown that Landsat imagery
can provide a rapid and an economical means of
observing the effects of many short duration
' phenomenon such as flooding and other dynamic events.
In addition, lineaments, not visible on aerial 1lmagery
or even on the ground, can be mapped and analyzed on
satellite imagery‘for engineering purposes. (Rabchevsky,
1970 and 1977; Eichen and Pascussi, 1975).

BACKGROUND:
Civil engineering, geological, ard hydrological

projects are becoming increasingly complex in their
design and environmental and safety requirements.
This situation, together with the ever shortening
delivery schedules demanded by the client, compel

the engineer to utilize the most efficient engineering
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technology available to produce his design/report on

schedule. However, before any engineering design or

exploration work begins, an accurate‘topographic map

of the area must be available to the designistaff.
Today, most, if not all, topographic maps are

prdduced by aerial photogrammetry. Aerial mapping

has a number of advantages over the conventional

ground surveys, such as speed, cost, and accuracy.

Using precision vertical photography and modern stereo

compilation equipment, topographic maps up to scales

of 1"=25", with 1 foot contours can be produced.

Because the survey is prepared from aerial photography,

large areas can be accurately surveyed without actually

having access to the property. And, if the aerial

mission is well planned, the aircraft may be used to

collect remote sensing, and even multispectral and

seasonal data on the same flight as the mapping mission.

Thus, by preplanning the aerial survey sortie, and the
utilization of the collected information, the engineer
may gather much data before any money is spent on
field studies and subsurface exploration. '

A thorough approach to site evaluation with remote
sensing techniques would involve a sequential study of
small-scale (satellite, or high-altitude aircraft)
and large-scale (medium or low altitude aircraft)
imagery. However, the final site selection should
certainly include a planned program of field
observations, sampling and laboratory testing and

analysis. The remote sensor data, thus provides an

0o

v_ T (- ) . :-
2 o i
N N . . e .

!




jdeal base from which a field investigation can be
planned. This results in efficient sampling, with the
number of samples proportioned to the complexity of the
situation, and field data which are complemented, but
not duplicated, by remote sensor data.

The use of remote sensor data may provide
information, relative to:

1. The type of bedrock, and its general structural

relationship;

2. The presence of rocks or sediments that may
introduce leakage, sinking and foundation
problems; '

3. The location of major faults and their bearing
on earthquake problems;

4. The depth of weathering and its relationship
to topographic features and to rock types;

5. The presence of possible sources of
construction materials such as sand and gravel,
or other fill; and

6. The general surface and ground water conditions
in the various terrailns.

The characteristics of Landsat-1, 2, and 3, and
the data and imagery produced by their sensors are
similar and by now well known (NASA, 1976). Table 1
compares the sensor characteristics of the three

Landsat systems.
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Table 1

! SPATIAL TEMPORAL
AREA
SPECTRAL RANGE COVERAGE RESOLUTION RESOLUTION
Mss RBV MSs RBYV MSS RBV MS$S and RBV
LANDSAT— 1 | 5907600 nm 475575
600-200 nm | 5g0-480 185km2| 185km2 | 80m 8om 18 days
1972 to 700-800 nm 4
2101978 690 -830
800~1100nm
500-600 nm | 475_575 o
LANDSAT—2 |600 700
700-800 ::: 580~680 nm 185 km2 | 185km2 | 80m 80m 18 days
1975 to date [ gog -1100nm 690-830 nm
500-600 nm
LANDSAT—3 [600~700 nm
700-800 nm
1978 to date 800 -1100nm | 505-750nm 185 km? 93 km?2 80 and 40m 18 days
10.4-12.6 ym 237 m
Sensor characteristics of Landsat-1, Landsat-2,

and Landsat-3, Multispectral Scanner System
(MSS), and Return Beam Vidicon (RBV) camera

systems.
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The Landsat series, with their uniform repetitive
coverage, have demonstrated capabilities for producing
distortionless, generally continuous images of the
Earth's surface on a defined map projection. Landsat
imagery is even helping to correct and update certain
features on existing U.S. maps at, or near, the national
map accuracy standards (Colvocoresses, 1977). It is
also possible to make photomap overprints to fit on the
existing data of conventional maps. This fresh
information on the overprints has made it possible to
observe such engineering developments as urban sprawl
and modifications to transportation networks. Further,
a new type of small scale map has been made possible
by the unique capacity of Landsat's Band 7 to delineate
directly, with high reliability, water bodies as small
as 200 m (656 ft.) in diameter. It can identify
streams 20 to 50 m wide (65 to 165 ft.), if they are
not overhung by trees. For land use purposes, the
Landsat data has become a useful, and many times an
indispensable complement, to field studies and aerial
photographic inventories. For regional planning, a
satellite scene can serve as a reconnaissance base
on which planners can pinpoint areas of stress or of
rapid change for which more detailed information is
required. Finally sophistication or a historic
perspective can be added by using data acquired during
different times of the year - to take advantage of
details revealed by seasonal diffefences in vegetation

or soil moisture. Information on static features,
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however, can be obtained usually from a single cloud
free pass over the area without the necessity for

repetitive coverage.

This presentation focuses on a region of the Fall
Line between Washington, D.C. and Baltimore, Maryland
(Figure 1). In this region, the topographic expression
of the Fall Line scarp is either worn down by erosion
or is masked by a cover of Cretaceous marine sediments
and younger terrigenous materials. (Brake, et al.,
1977; Froelich and Heironimus, 1977; Reinhardt and
Cleaves, 1978). '

DATA ANALYSIS AND DISCUSSION:
The Landsat imagery used in this study was

originally ordered from the EROS Data Center in a 70 mm
format, black and white positive and negative
transparencies (chips), at a scale of 1:3,369,000.
Consequently, black and white prints and false color
composites were produced at varous scales and seasonal
coverage. Specifically, winter/fall and summer/spring
coverage was used to aid the interpretation of this
area. The advantages in using multi-seasonal and multi-
scalar coverage have been well known (Rabchevsky, 1978

and many others).
Briefly summarized they are as follows;

1. The different sun angle elevations during the

summer and winter seasons cause different
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o 3 L . : P
L . | . L L o




Figure 1.

.
aape

now Hed wah vib and clay

Block diagram of the study area showing the
main geographical, geomorphological and
geological features. The Fall Line zone
extends approximately from Baltimore to
Washington, D.C., separating the Coastal
Plain from the Piedmont Plateau (U.S.
National Park Service, 1970).
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shadow and reflectance effects, so that when
the sun is low the relief shadows are long,
enhancing the topography; but when the sun
is high during the summer, the reflectance
characteristics (spectral signatures) of the
surface cover are enhanced, instead of the
topography. |

2. The different position/azimuth of the Earth

relative to the sun at different times provides
new ""look directions'" at the same area, the
sun's illumination moving clockwise from
summer to winter.

3. Seasonal coverage provides a ''stereoscopic"

effect, partly due to points 1 and 2

above, if one winter and summer scene are
viewed at the same time, and partly due to
parallax in the imagery caused by the changing
position and look direction of the satallite
Sensors.

4. Lack of vegetation in winter, and especially
dusting of snow in this area, enhance lineaments
and structural features that may otherwise be
masked by the summer vegetation.

Figures 2 and 3 show the study area as it appears
in the near infrared in the summer and fall. Note the
higher reflectance of the summer scene caused by near
infrared sensitivity to vegetation.

Figure 4 is a mosaic of the region. We found that

even after examination of the distribution of water

—_28_
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bodies and vegetation cover on images such as Figures
2 and 3, and of the mosaic, it was difficult to locate
the Fali Line with confidence. However, Figure 5
shows the location of the Fall Line as interpreted
with the aid of overlays such as an engineering map

of coastal plain sediments and surficial deposits
(Figure 6).

The direct identification of various lithologic
or soil units, and of the sedimentary surface covers on
either side of the Fall Line was not possible because
of dense Vegetation,>the proliferation of man made
features and the interfingering of the saprolite with
more recent sediments.

A winter scene (Figure 7) was used for detailed
interpretation of drainage patterns (Figure 8). Note
that the NE-SW lineation pattern connecting the upper
reaches of the Potomac River and the Chesapeake Bay also
connects with the headwaters of the Delaware Bay (see
Figure 5). Thus far only this pattern appears usable as
an indicator of the Fall Line. Currently, we are
investigating in more detail the erosional features of
various streams and rivers as they flow from the hard
rocks of the upland Piedmont Province onto the soft
sediments of the Coastal Plain. It is anticipated that
this approach will provide additional indications of the
separation and location of the Fall Line lithologies.

Land use was also mapped using imagery, as in Figure 7.
It was not significantly different on either side of
the Fall Line (Figure 9), and consequently, land use does

not appear to be an indicator of Fall Line geology either.
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Black and white print of a Landsat-1 image of
the study area during the Fall season (Landsat-
1, 6 Oct. 73, Band 7, ID. No. 1440-15175-5).

Figure 3.
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Figure 4. Black and white print of a false color Landsat
"mosaic (NASA Photo).
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Figure 5.

An overlay of figure 4, showing the location
and extent of the Fall Line (see figure 4
for reference).
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Figure 6. Geological map showing the westward extent
and distribution of the Coastal Plain
sediments (USGS, 1967).
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Figure 7.

Black and white print of a false color

Landsat-1 image of the study area during the

winter (Landsat-1, 9 Jan. 73, ID. No.
15193).

-35-

1470-




N . e e e -

L |

DRAINAGE

SCALE | 1,000,000

Z i

Miles P 75 L 15

Figure 8. Major patterns of drainage within study area.
The overlay was prepared from a winter season
Landsat-1 false color composite at the scale
of 1:1,000,000, 9 Jan. 73, ID. No. 1170-15193.
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Interpretation of high altitude aircraft infrared
imagery was also unproductive, even though smaller
hydrological and smaller land use features could be
identified more readily and more precisely.

Direct photogeologic interpretation of Landsat
imagery produced a number of lineaments (Figure 10).
Some of these l1ineaments cross the Fall Line. Most,
however, Were identified west of the Line, due to
better bedrock exposures, geological structures and
regional geomorphology. And, at this time, the only
definite conclusion that might be drawn from these

‘data is that unless the line connecting the upper

portions of the Potomac, the Chesapeake and the
Delaware 1is considered a continuous lineation, the
interpreted lineaments also appear to be of no value

for identifying or locating Fall Line geology.

SUMMARY AND CONCLUSION:
The direct identification and jocation of the Fall

Line on standard Landsat imagery alone was for all
practical purposes, ineffective. However, the boundary
could be partially delineated with the aid of
correlative overlays, and because of our familiarity
with the area.

Still, the inadequacy of direct identification
of Fall Line Geology should not be overly emphasized
as a general limitation on Landsat imagery because
the problem is very much due to local Geologic

conditions. For example:

-37-




Figure 9.

Black and white print of an interpreted

color overlay of the major land use categories
west of the Fall Line. The overlay was
prepared from a winter season Landsat-1 false
color composite at the scale of 1:1,000,000,

9 Jan. 73, ID. No. 1170-15193.
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Figure 10.

Distribution of the geologic lineaments as
interpreted from Landsat imagery. The heavy
dashed line shows the position of the Fall
Line (Rabchevsky, 1978).
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The Fall Line scarp i1s in many places either worn
down by erosion or the "soft-hard" lithological contact
has been covered by recent sediments.

Further, the common in-situ weathering of the
Piedmont metamorphics produced a thick layer of
saprolite which now subdues the morphologic expression
of the Fall Line scarp.

In addition, the interfingering of the recent and
cretaceous soft sedimentary lithologies and sediments
east of the Line with the saprolite west of it further
obliterates the Péll Line boundary. Also, human
distrubance of the land contributes to the lack of
differences on either side of the line.

Lastly, due to dense vegital cover in many
places along the Fall Line, the scarp of the line and
the reflectance differences (spectral signatures) that
might be expected from the differing lithologies are
not expressed. However, improved remote sensing
satellites planned for the 1980's are to have better
ground resolution, and scanners that can distinguish
more than 200 gray level differences compared to the
64 that todays Landsat can distinguish. Consequently,

much better results can be expected in the future.
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ABSTRACT

RELATIONSHIP OF LANDSLIDES TO FPACTURES 1IN . PQTOMAC  GROUP
DEPOSITS, FAIRFAX COUNTY, VIRGINIA

LANGER, William H., and OBERMEIER, Stephen F.,

U.S. Geological Survey, Reston, Virginia_22092

Landstiding 1is a common problem in eastern Fairfax County,
an area underlain by Potomac Group {(Lower Cretaceous) Coastal
Plain deposits of silt and clay interbedded and interfingered
with sand and gravel. The slides commonly are present in clay
and silt that, on the basis of laboratory tests, appear to be
much too strong to have failed. However, the very plastic silt
and clay deposits are commonly cut by long continuous to short
discontinuous high-angle and subhorizontal Jjoints, shears, and
faults. These fractures can contribute to sliding. Failure
along faults and shears takes place because the relative movement
has greatly weakened and softened the clay and silt. The
mechanism for failure along the joints is less obvious but may be
related to infilling along joints, slight movement due to

erosional unloading, swelling of clays, and softening along

joints.

Field 1nvestigations suggest that the three best developed
high-angle joint sets in eastern Fairfax County have trends in
the northeast quadrant. Lineaments plotted on a lineament map
prepared from Landsat imagery also trend northeast parallel to
the regional joint orientation. This regional orientation
suggests that some of the fractures are tectonic 1in origin.

Therefore, they should be anticipated in a broad zone many miles
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wide in the vicinity of the Fall Line. In addition, fractures of
unknown origin contributing to landsliding, have been observed in
massive Potomac Group clay and silt deposits. ‘Irrespective of
origin, these fractures require careful “investigation and
engineering to prevent slope failure at critical locations during

and after major excavation.
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INTRODUCTION

Landsliding is a widespread problem in the eastern part of
Fairfax County, Virginia. This part ofvthe county is underlain
by Potomac Group deposits of silt and clay interbedded and
interfingered with sand and gravel. The distribution of these
deposits and their association with landslides are fairly well
known (Am. Soc. Civil Engineers (ASCE), Natl. Cap. Sect., 1977),
but the physical mechanisms causing many landslides are not fully
understood. Conventional investigation and design procedures
show that slightly weathered and unweathered materials are stiff
to hard and that slopes cut in them should be stable at high
angles. However, slopes cut into these strong Potomac Group
silts and clays comhon]y fail at Tow angles and typically fail
many years after excavation of a cut.

The authors suspected that fractures of diverse origin were
at Tleast partially responsible for the discrepancy betweén
expected and observed slope behavior. However, because data
concerning fractures in these soils* were generally unavailable,

a reconnaissance study of the fractures was undertaken. The

* In this text, "sojls" is used in the engineering sense, to mean

all unconsolidated material overlying bedrock.
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purpose of this research was fourfold: 1) to determine the
presence or absence of structural fractures (i.e., Jjoints and
shear zones) and weathering fractures (i.e., fractures related to
~surface weathering  processes such as wetting/drying and
freeze/thaw cycles) in the Potomac Group sediments of Fairfax
County; 2) to describe the fractures; 3) to delineate regional
patterns of the structural fractures; and 4) to determine the

relationship of the fractures to Tandsliding.
METHODS OF STUDY

Approximately 25 outcrops that included Potomac Group sands,
silts, and clays were investigated to relate joint and shear*
formation and distribution to the geologic  structure and
stratigraphy. Fractures were sufficiently well developed** at 11
exposures to merit detailed studies; on average, 22 strike and
dip measurements were taken at each exposure. As the best
developed fractures are not always the most abundant, they were
distinguished from the less developed fractures. Structural
fractures were commonly obscured at the surface by weathering

fractures. Therefore, to avoid measuring weathering fractures,

* A "shear" is defined as a fracture along which there has been
shear displacement related to suyrface weathering.
*% |je]]1-developed fractures are continuous in two dimensions for

1 ft (0.3 m) or more.
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surface fractures were not measured except where they definitely
extended below the 1local weathering horizon. As a result,
extensive excavation with hand tools was necessary. Exposures
were first cleared of debris and then excavated by use of a small
shovel, pick, or geologic (masonry) hammer. Sﬁ]ty—c]ay and clay
tended to break into small rectangular blocks, whose 1longest
dimension was 3-6 in (7.5-15 cm) long. The planes along which
the blocks broke out were considered to be joints and were
measured only if they were planar for 1-2 ft (0.3-0.7m) in two
dimensions.

While field studies were underway, an independent study was
being conducted by Dr. Toru Iwahashi of Shizuoka University, Oya
Shizuoka, Japan, to assess the value of Landsat imagery for
mapping major linear geologic and topographic features in the
AtTantic Coastal Plain. Dr. Iwahashi used a mirror stereoscope
to examine two 1images at a scale of 1:500,000 in an attempt to
map these Tineaments in Fairfax County. The two 1images studied
are NASA E-1944-15030 (Feb. 22, 1975) and E-2076-25080 (April 8,
1975). Principal points were marked on each image and-aligned.
The information was then transferred to a clear plastic film and
enlarged to a scale of'1548,000 (Iwahashi and Heironimus, 1978).

After the field study of joints and shears was completed,
the data were compiled and plotted as rose diagrams on a map of
Fairfax County. This map was combined with the map of Iwahashi
and Heironimus (1978) 1in order to compare results (fig. 1).
Additionally, laboratory tests to determine the physical

properties of the Potomac Group soils included direct shear

-50-




tests, determination of Atterberg 1imits and grain-size
distribution, and, for selected samples, X-ray diffraction
analyses. Atterberg 1imits and grain-size distribution data are
particularly useful indicators of the strength of the soils. The

results are discussed in following sections.
SEDIMENTARY DEPOSITS

The eastern quarter of Fairfax County is within the Coastal
Plain province, the western margin of which is along the Fall
Line. Most of the Coastal Plain province in Fairfax County is
underlain by Potomac Group sediments of Cretaceous age, which are
overlain in part by Tertiary and Quaternary sand and gravel
deposits.  The Potomac Group is the basal unit of the Cretaceous
strata in Virginia, Maryland, Delaware, and southern New Jersey;
in Fairfax County, it is the only part of the Cretaceous section
present. The deposits range in thickness from a feather edge
along the Fall Line to more than 600 ft (180 m) in the eastern
_part of the county. The Cretaceous deposits overlie metamorphic
and 1gneoﬁs bedrock and saprolite of the Piedmont province.

The Potomac Group sediments in Fairfax County are mainly
silt-clay (i.e., silt and/or clay) layers interbedded with
sand-gravel layers. The silt-clay beds are iron stéined to a
reddish brown, or are gray to gray green. They range from
massive widespread beds to irregular lenses having little lateral
continuity. The clays are predominantly montmorillonite and

montmorillonite/il1lite mixed-Tayer clay but contain some layers
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of almost pure montmorillonite or i11ite or of clay mixed with
small amounts of vermiculite or kaolinite (Force and Moncure,
1978). The sand-gravel layers are generally white to buff and in
places are also iron stained. The sands are generally trough
cross-bedded and commonly have a silt-clay matrix. Most
individual sand grains are quartz, vand secondary amounts of
feldspar are present.

Cross-bedding, and other primary features in the sand
indicate that the Potomac Group sediments were deposited by a
fluvial system. The Tower part of the Potomac Group deposits
commonly consists of arkose, quartz gravel, and montmorillonitic
clay. The rest of the section generally decreases in grain-size
upward, with the notable exception being extensive channel-fill
sands. The increased weight added by each successive 1layer of
sediment compacted the Potomac Group sediments to a consistency

that is very stiff to hard. (Consistency descriptions 1in this

text are semiquantitative; relationship of consistency to

unconfined compression strength is shown in Table 1.)

During the late Tertiary and the Quaternary, hundreds of
feet of Potomac Group sediments were eroded.away. In places the
deeply dissected Potomac Group terrane was subsequently capped by
gravels deposited by the ancestral Potomac River. These gravel
caps define a series of at Tleast four terraces, each 1owér
terrace being formed during successive depositional/erosional
cycles  (Force, 1975). In addition to this erosion and
deposition, some tectonic deformation (flexing and faulting) took

place along the Fall Line. This movement, possibly accompanied
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QUALITATIVE AND QUANTITATIVE EXPRESSIONS

FOR CONSISTENCY OF CLAYS AND CLAY-CEMENTED SANDS OF POTOMAC GROUP

CONSISTENCY

Very soft

Sof t

Medium

Stiff

Very stiff

Hard

FIFLD IDENTIFICATION

Fasily penetrated several inches
by fist

Fasily penetrated several inches
by thumb

Can be penetrated several inches
by thumb with moderate effort

Readily indented by thumb but
penetrated only with great
effort

Readily indented by thumbnail

Indented with difficulty by
thumbnail

UNCONFINED COMPRESSIVE

STRENGTH (tons/sq ft)

Less than 0.25

0.25-0.5

0.5-1.0

1.0-2.0

2.0-4.0

Over 4.0

Table 1 (After Peck and others, 1953, pg. 29.)

-53-




by stresses associated with the erosional wunloading of the
Potomac Group sediments, caused joints and shear zones to form
within the deposits.

Current geologic processes acting in the area are primarily
surface weathering (including wetting/drying and freeze/thaw

cycles) and natural and man-induced landslide and creep.
DESCRIPTION OF JOINTS

Joints are commonly well defined and best developed in
massive, highly plastic (CH)* clays having thicknesses exceeding
3-5 ft (1—1.7 m). Highly plastic clays in thinner layers either
have more poorly developed joints or no joints. Interbedded
clays, and low-plasticity silts or sands less than 6 in (15 cm)
thick do not have joints. Thick massive clays of Tower
plasticity (CL), and highly plastic .silts (MH) have
well-developed closely spaced (1-2 ft (0.3-0.7 m) horizontally)
joints at some sites, but few or none at others. Thinly bedded
silts and sands in soils of lower plasticity have no joints.

Massive sandy units (SC or of lesser plasticity) and massive

* Capitalized letters in parentheses refer to the Unified Soil

Classification System.
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silts of low plasticity (ML) are rarely jointed.

Vertical joints in plastic soils can sometimes penetrate at
least 50 ft (16 m) beneath the surface of the Potomac Group
(Withington, 1964). Vertically oriented joints 30-40 ft (10-13
m) beneath the surface of the Potomac Group have been noted by
one of the authors in excavations for the_Washington, D.C., rapid
transit system. Laboratory test data and field ohservations show
that at other sites, undrained shear'strengths are often highly
variable to depths of 50 ft (16 m) and greater because of
slickensides and natural defects (Mueser, Rutledge, Wentworth,
and Johnston, Co., 1971, 1973).

Although Jjoints are very rare in soils of Tow plasticity,,
at one locality, vertical, weak, infilled clay zones as much as
0.5 in (1.2 cm) wide traverse hard sands bounded by clays of low
plasticity; theseninfi11ed clay zones and other rare joints in
sands and silts of low plasticity are probably re]ated to nearby
shears of possible tectonic origin. As discussed below, shears
almost certainly not of landslide origin are common, and whereas
these shears have a preferential strike, associated zones of
weakness such as secondary cracks, fissures, and splays at
various strikes and dips must be anticipated.  Thus although
vertical joints are not likely for certain combinations of soil
plasticity and thickness, zones of weakness having random strikes

and variable dips must be expected to exist at some localities.




Most joints} observed are nearly vertical because field
investigation methods favor the observation of vertical joints
rather  than subhorizontal joints. Most exposures studied
extended farther horizontally than vertically, thus exposing more
vertical joints. The method of digging similarly biased the
observations  because the excavations also extended more
horizontally than vertically. Nevertheless, at almost all sites
having abundant high-angle joints, some low-angle joints,
partings, or other zones of weakness were é]so found. For
example, at a 20-ft- (7-m-) high vertical exposure of unweathered
material having vertical joints spaced approximately 5 ft (1.7 m)
apart, two or three subhorizontal zones of weakness are present.
These zones of weakness may be true joints, zones that have been
sheared slightly, zones that have been forced apart by tree
roots, or sedimentary strata preferentially weakened becéuse of
unknown geologic factors, such as small changes in clay or silt
content. Irrespective of origin, very thin subhorizontal zones
of pronounced weakness traverse the massive clay. These zones
are nearly planar, slightly undulating, and continuous for
several tens of feet. On the basis of field observations at this
and other sites, such subhorizontal zones are thought to be
common in the clays and in highly plastic silts within
approximately 20 ft (7 m) of the present surface of the Potomac

Group.
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 JOINT DEVELOPMENT AND RELATION TC REGIONAL STRUCTURAL FRAMEWORK

Although no attempt  was ‘made to classify Jjoints
systematically, many joint types were observed and may have had
léevera1 different origins. The subhorizontal joints previously
“mentioned are interpreted to be pressure-release joints resulting
from the removal of overburden by erosion. Steeply dipping open
joints having irregular, slightly curved surfaces may also have
resulted fromlunloading. Consolidometer data from samples in the
area show that 200-300 ft (65-100 m) of overburden has been
:;removed by erosion. Removal of such great thicknesses of
overburden must cause very high ratios of horizontal to vertical
forces near the ground surface. Therefore, both types of
pressure—re]éase joints can be expected in highly plastic silts
and clays in the area.

The best developed, most continuous  joints observed
(although not always the most abundant) are steeply dipping or
vertical with smooth or stickensided planar surfaces. Although
these characteristics are not indicative of any one mode of
origin, they do suggest shear deformation (Nevin, 1942).

Joint origin was further examined by studying the regional
pattern of the Jjoints (fig. 1), which shows that the dominant
sets of joints at each sampling locality are ’oriented in the
northeast quadrant, the most common orientations being N60°-75°F,
N30°-45°F and NS to N15°E. The orientation of N30°-45°E is
approximately that of the Stafford fault zone (N30°E) mapped just

south of the study area by Mixon and Newell (1976):.  Thus
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tectonism (compression) along this zone may have been at least
partially responsible for the creation of the ‘Fall Line. This
fault zone extends along the Fall Line into Fairfax County. In
this study, joints oriented N30°-45°E are interpreted to be of
tectonic origin related to movement along the fault. In
addition, the other two dominant sets of joints oriented 30° to
the left and right of the N30°-45°FE joints may be part of the
same regional fracture systeins.

The Landsat lineament map of Iwahashi and Heironimus (1978)
was compared with the Jjoint orientétions as determined by our
field measurements (fig. 1). Most dominant Jjoint orientations
parallel nearby Landsat 1ineaments. The fact that the
orientations of the joints and the Landsat lineaments, which were
determined by two independent studies using entirely different
methods, are similar, lends great support to the suggestion that
the joint pattern in eastern Fairfax County 1is related to

regional structures such as the Stafford fault zone.

DESCRIPTION OF SHEARS, SHEAR DEVELOPMENT, AND RELATION

TO REGIONAL STRUCTURAL FRAMEWORK

Shears (shear zones) along which relative motion exceeds a
few inches (5 cm) on opposite sides of well-defined shear
surfaces were observed at three localities; possible shear zones
were observed at four other localities. Shear zones observed in
the field have dips ranging from near vertical to near horizontal

and are discrete zones ranging in thickness from 0.5 in (1.2 cm)
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or less to 6 in (15 cm) or more. They may occur as one single
shear, as a set of smaller shears 0.1 in (0.2 cm) apart, or as
single shears or sets of shears spaced 3-6 ft (1-2 m) apart. The
shear surfaces commonly have slickensides. The shear zones are
commonly soft because of reworking of plastic silts or clays
during shearing movement, because of infilling, or because of
weathering or soaking with water. Fragments of hard unaltered
original material surrounded by soft soil can also be found in
the shear zones. The shears generally strike about N5°E. The
lack of many long, continuous exposures oriented perpendicular to
the shears precludes detailed measurements of the spacing of
shear zones. However, at two localities (fig. 1, sites 2 and 8),
shears having a displacement of at Teast 1 in (2.5 cm) are spaced
within 100 ft (32 m) of each other; along Fourmile Run, nearly
continuous exposures 6,000 ft (1,900m) Tong revealed two major
shear zones. One measurement of the minimum length of a shear
(along strike) was also made. The projection along the strike of
a shear on Taylor Branch (site 2) nearly coincided with an
observed shear 2,400 ft (800 m) away on Timber Branch; therefore,
one shear is probably continuous between the two sites.

To summarize, most of these shear zones are believed to be
of tectonic origin and to be related to the Stafford fault system
for the following reasons:

(1) The sense of motion was completely independent of
existing topography.

(2)  The strikes of the shears have approximately the same

orientation.
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(3) The strikes and senses of motion of the shears conform
" to geologic structures in the stafford fault zone.

(4) It was possible to predict the location of a major
- shear zone at a site thousands of feet from the exposure at which

it was first observed.
JOINT AND SHEAR RELATIONSHIP TO LANDSLIDING

Natural and construction-re]ated Tandsiides are Vvery
widespreadr and common in Potomac Group clay and sand-clay strata
in Fairfax County. The slides are especially troublesome because
they may occur many years after completion of construction. Both
types of s]ides typically move noticeably soon after prolonged
rainy spells or sudden downpours. Scarps of 0.5 in (2.5 cm) to
several feet (1L m) can form within a few hours.

The landslides are normally small, havihg average lengths
and widths on the order of a_hundred feet (30 m). The form of
most landslides is roughly that of a rotational <lump, but planar
glide blocks are also commonplace (fig. 2). The maximum depth of
the rupture surface of rotational stumps is usually about 15-20
ft (5-7 m). Detailed examination of the terrain in eastern
Fairfax County reveals that many slopes greater than about 15
percent and underlain by clay and sand-clay strata have been
altered by landslides or landslide debris. A comparison of
natural slope angles, abundance of natural landslides, and soil
mechanics. 1aboratory strength test data leads to the conclusion

that landslides are a major factor 1in 1andform development.
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aboratory strength test data (J.S. Jones, Law Engineering

ng ' Company, McLean, Va., oral commun., 1976) also show that

ope angles are often controlled approximately by the

ual drained shear strength, which is the shear strength of a

sheared sufficiently to align the c]ays parallel to the

‘or shearing surface. For both Potomac Group clays and

this strength 1is commonly much less than the peak

th. Figure 3 shows schematically the relation between peak

“and residual strength in a direct shear test for typical

hered and intensely weathered or sheared clay-rich soils of

‘the 1977 National Capital Section ASCE seminar, J. S.

resented 1imited data based on conventional slope

(1imiting equilibrium methods),

jty calculation techniques

ig: that previously unfailed slopes in Potomac Group clays

ﬁf1ts sometimes slump at angles controlled approximately by

1gth properties as low as the residual drained shear strength

fmetefs' of the clays and highly plastic silts. Jones also

ented data showing that many unfailed slopes exist at angles

tly 1in excess of those predicted by residual strength

opérties and noted that some of the factors causing these

arent discrepancies were unknown. Geologic settings where the g

1s are very close to the residual shear strength are at the !

onformable contact between the Potomac Group and the overlying

nger gravel cap and at the contact with colluvium.  Both :

ontacts are where rupture surfaces in Tlandslides commonly

originate. The potomac Group clays and silts at these contacts
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commonly weathered and weakened to a medium, or even soft
nsistency, especially in the water-bearing channels and

pressions often found at these contacts. The residual and peak

hear strengths of these weakened soils sometimes are almost

} al. Figure 4 shows the geologic setting where these and other

weakened sones are found in Potomac Group sediments.

Jones also noted that landslides comm6n1y have surfaces of

;rupture passing beneath these unconformities through unweathered

f&r s1ightly weathered clays and silts. On the basis of the peak

‘Stfength of the soil immediately beyond the 1limits of a thin zone

libf_shearing along the ruptured surface, these soils often seem to
be much too strong to have failed. Tests on soils from within
-:the sheared zones show that Tlandslides can initiate under
conditions approximately prediétable by the residual drained
shear stfengths, rather than by the much higher drained peak
shear strengths or by the unconfined compression  or
unconso]idated-undrained shear strengths adjacent to the shear
sones. Alternatively, as noted by Jones, other slides occur in
soils that are apparently stronger than the residual -strength
state when failure first occurs, intermediate Dbetween the
residual drained and unconsolidated-undrained or’ unconfined
compression strengths.' These seemingly contradictory
observations pose great-difficulty to the engineer trying  to
select shear strength properties of the soil that will result in
a safe economical design.

The authors believe that much of this apparent discrepancy

in strength properties 1is related to the presence of undetected
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joints and shear zones. Quite clearly all these breaks are
ready-made surfaces of rupture for any landsliding, providing
they are oriented adversely. The strength of the soil along the
joints s always less than that of the massive soil and commonly
is much less. -Often these breaks provide avenues through which
‘water passes easily, generating higher pore pressure than would
be found within massive deposits.

The authors also believe that the strength along many of the
joints and shear zones must approach the residual state with
little or no apparent cohesion. (The term "apparent cohesion" is
used in the engineering sense, in which a cohesion value is
associated with zero normal stress in the direct shear test.)
Along the shear zones, relative movement could have reduced the
strength to a residual condition, providing the movement was
sufficient to align the clays. Laboratory tests by Skempton
(1964) and Bishop and others (1971) showed that an inch or two
(2.5-5 cm) of relative movement is sufficient to reduce the
strength of the soil to its residual strength. Limited testing
of undisturbed samples at our Taboratory using reversed shearing
motions supports this finding. Two of the shear zones observed
in the field have relative shearing displacements exceeding 9 in
(22 cm), and at least one other exceeding 2 in (5 cm); others
have unknown relative movements. Most of the shears also have
well-defined, shiny, slightly undulating planes of separation.
Thus 5011 behavior in the shears probably approaches the residual
strength case. Three somewhat related mechanisms that may

explain how joints in silts and. clays contribute to strength
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approaching the kesidua] strength are: infilling of joints;
movement along joints; and weathering along joints.

To examine how infillings operate, it is necessary to know
how joints open. Where Potomac Group clays and silts are exposéd
to surface drying and wetting, Jjoints and surface’weathering
cracks commonly open at random orientations to a depth on the
order of 5 ft (1.7 m). These surface fractures are commonly
filled with soft clayey soil, apparently washed in by surface
water during rainstorms; some are partially filled by
well-formed gypsum crystals that developed ﬁn-situ, to as much as
0.5 in (1.2 cm) in length and 0.06 in (.2 cm) in diameter. These
types of near-surface fractures tend to be oriented vertically,
or ‘to have high-angle dips near the ground surface, curving
toward lower dips, and even subhorizontal inclinations at depth.

Joints apparently are also opened and moved by tree and vine
roots, which in some places penetrate to depths of at least 15-20

ft (5-7 m) beneath the ground surface. The joints may have been

opened slightly before penetration by roots, but certainly the

roots are very effective in further wedging the sides apart. The
pattern of roots viewed in vertical section tends to be
rectangular or trellised, following vertical Jjoints and
subhorizontal planes of weakness (which may or may not be joints
as noted previously, but are called joints). Both vertical and
subhorizontal root-penetrated joints commonly have soft, clayey
soil that is apparently washed in.

The infilled soil in both the near-surface and root-opened

fractures tends to have a slightly higher plasticity than the
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soil on either side of the joint, according to our laboratory
test data. The infilled soil in subhorizontal joints is commonly
not consolidated by the weight of the existing overburden,
probably because the weight of the overburden is supported at
random “points" such as strong soil-to-soil contacts and roots.
This soft infilled material must also have. drained shear strength
properties at least approaching those of the fesidua] case.
Because the drained shear friction angles of these soils decrease
as plasticity increases, and because joints are commonly oriented
subhorizontally in the clayey materials to depths that agree with
thé observed depths of the landsliding, it is likely that
infilling contributes to landslides at angles approaching those
controlled by the residual strength properties of the soil.

The joints permit water to enter, causing the soil near the
joints to swell or to weather and soften. Discolored and
softened soil is sometimes observed to a depth of 0.5 in (1.2 cm)
behind the Jjoint surface. The swollen or softened soil has a
lower strength than the undisturbed soil; near some joints, the
soil is softened soO much that the peak and residual strengths
must be about the same.

Swelling and shrinking of the montmorillonite-rich clay
during wetting and drying may also 1nﬁuce small horizontal
movement along the subhorizontal joints to depths sufficient to
influence landsliding. Upon wetting of the clay, complete
reclosure of the vertical joints is probably prevented Dby the
infilled clays, crystals, and roots, causing large horizontal

forces and small differential horizontal movements along the
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joints. Well-developed sTickensides from wetting and drying
(shrinking and swelling) are commonly observed near the ground
surface, and the same mechanisms that cause these slickensides
almost certainly cause small movements to depths significant to
Tandsliding.

Otherb strength-reducing mechanisms, such as the generation
of movement along joimts by horizontal stresses during erosion of
Potomac Group sediments, may be related to joint formation, but
the relationships discussed above are believed to be adequate to
explain why many slopes in clays and silts are permanently stable
only at very low angles.

A final note should be made about the role of tree roots on
slope stability. Although roots are thought to be a
slope-weakening mechanism, a very good possibility exists that
the detrimental effects do not appear until after the tree or
vine has died. While the roots are alive, their strength may
contribute to the strength of the soil in maintaining a slope.
After the plant dies, the roots decompose and weaken and also
leave tubes that allow water to have easy access to a potential
rupture surface.

Joints in the Potomacv Group can also be important to
short-term construction problems. 1In 1962, at nearby Greenbelt,
Maryland, a clay slab that was 42 ft (14 m) long, 15 ft (5 m)
high, and about a foot (0.3 m) thick toppled from an unsupported
vertical cut, killing five men. Withington (1964), who visited
the site, concluded that the slab failed along an incipient joint

which opened when lateral support was removed. The base of the
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cut was 40 to 50 ft (13-16 m) below the surface of the Potomac
Group, and multiple vertical joints extend the full depth of the
cut.

Thus far, the landslide discussion has been directed to
problems 1in Potomac Group clays and silts, because these are the
deposits in which the problems are most commonplace. Howevér,
landsliding may be initiated Tess commonly along Jjoints,
fractures, and sheer zones in sand-rich facies (SC, SM, SP, SW).
This conclusion is supported by the following field observations
in the sand units:

(1) Vertical joints and tectonically related fractures and
shears are present only near major shear zones in sand-rich
facies; whereas they are widespread in clay units.

(2) Horizontal and subhorizontal . joints and shears are
rare in sand units.

(3)  The joints and shears in sand units are often filled
with oxides which have -rehealed any previous ruptures. In
contrast, joints and shears in clays are sometimes softened or
are sometimes infilled with soft soil.

(4) Weathering-related, near-surface fractures in sand
units are short and discontinuous and have high-angle dips.
These are found primarily in intensely weathered deposits at
hilltops (Milan J. Pavich, USGS, oral commun., 1977).

(5) Sands are more porous and permeable to water, and water
tables in sand units tend to be lower than those in clay-rich
units.

Because sand units have fewer weak zones and better internal
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drainage than clay units, natural and cut slopes 1in sand units
are generally stable at angles much greater than would be

predicted on the basis of residual shear strength.

SLOPE DESIGN CONSIDERATIONS

Some of the most important factors to consider in designing
a stable slope are (1) the geologic setting; (2) plasticity and
massiveness of the soils; (3) rate of formation of joints; and
(4) orientation, continuity, and spacing of the structural
defects.

The geologic setting is a major factor in establishing the
probability that surface weatﬁering types of defects exist in the
soil. Potomac Group sediments are unconformably overlain by
younger sediments of different ages. Each of these contacts
must bé suspected as a possible site of ancient weathering where
shearing and softening may have affected the sediments to depths
of at least 6 ft (2 m) beneath the contact. Use of residual or
near-residual shear strength parameters should be considered for
soils 1in these weathered contact zones, especially if the soils
are hassive and plastic, as discussed below. The geologic
setting is also 1important in establishing where there has been
ancient landsliding. Although landslides are a source of shear
zones not discussed previously in this paper, shear zones of any
orfgin.and any age must be considered as having only residual

shear strength, except where recemented in sands. Widespread
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ancient landsliding of the Potomac Group took place when
Pleistocene glaciation caused Towering of sea level, resulting in
deep downcutting into the sediments. surface evidence of these
slides is now buried beneath youngder sediments, but probable
sites are beneath dipping contacts of the Potomac Group and the
overlying younger sediments.

Plasticity and massiveness of the soil has a pronounced
influence on the probability of occurrence of joints and shear
zones, and in turn, oOn the strength parameters selected for
design. Massive units of clay and plastic silts (CH, CL, MH)
commonly have discontinuous high-angle joints and associated
discontinuous subhorizontal Jjoints extending to a depth of four
to six feet (1.3-2m) beneath the top of the unit; continuous
vertical and subhorizontal Jjoints are also present within the
upper 4-6 ft (1.3-2 m) of the unit, and sometimes to much greater
depths. On the basis of observations of s]ideé and other data
from the local area, we conclude that potential s1ides through
the joints should be analyzed as though the soil were at or near
the residual gtrength state. Less plastic and less massive soils
tend to have fewer Jjoints, and joints they do have are more
1ikely to reheal. If joints, especially infilled Jjoints and
weathered and softened joints, are not rehealed, residual
strength properfies should be considered for any potential slide
along the joint surface. It must be emphaéized that this

conclusion about strength properties is based on geologic

observations and comparisons of field and laboratory data for

the Potomac Group deposits. We are aware of only one detailed
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geologic and engineering investigation (Skempton, 1977) on the
lTong-term slope stability of over-consolidated, stiff, fractured
clays, and our conclusion is considerably different from those
expressed by Skempton. In that report, Skempton described the
behavior of the Brown London Clay in England and suggested that
many other stiff fractured clays throughout tHe world may behave
similarly. However, we believe that the Brown London Clay and
Potomac Group clays of Fairfax County have very different
characteristics. The geologic description of Brown London Clay
by Skempton and others (1969) made no mention of infilled or
weathered and softened joints (such as those observed in the
Potomac Group), nor does the Brown London Clay have = the
reputation of being a highly expansive soil (such as the highly
plastic silts and clays of the Potomac Group).

Data re]éted to the rate of joint development in the Potomac
Group are sparse, but observations in a railroad cut in massive
clays demonstrate clearly that intensely developed jointing
related to surface weathering can extend to a depth of at least 4
ft (1.3 m) within 50 years or less. For many design problems, a
depth of at least 4 ft (1.3 m) would be a prudent selection for
use of residual strength parameters on permanent slopes cut into
massive unweathered clays and plastic silts. For soils of lesser
plasticity, it 1is not necessary to use such Tow strength
parameters.

Joints beneath the zone of weathering fractures are
frequent1y discontinuous and not well developed, even on terrain

1ittle altered for hundreds or thousands of years. If these deep
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joints had developed rapidly after excavation, we would expect

that they would be continuous. Thus, significant deep joints
probably do not generally develop during the Tlifetime of a
structure, unless unusual factors such as high intensity stresses

on steep slopes or growth of tree roots are present.

The relation of continuity of the defects to the design

problem has been noted in relation to other aspects; the

influence of joint spacing and orientation remains to be

considered. Joints can be as close as 3 in (7.5 cm) and as »much
as 3 ft (1 m) or more apart for a particular soil type at a given
site. From a practical viewpoint for many - design projects,
however, if a joint is found at a given orientation, it must be
presumed that many others at the same orientation are present
unless detailed examination proves otherwise; if many joints were
present the spacing would be irrelevant. A few fractures must
also be expected to have orientations completely different from
those of the well-defined joint sets; in design it must be kept
in mind <that a sjng]e critically briented defect can initiate
sliding. If a major defect traversing otherwise strong sdi]s s
close to an assumed, theoretically determined critical surface of
rupture (i.e., the surface of rupture determinéd without
consideration of the presence of the defect), an apparent
cohesion of zero or approximately zero should be considered for
slope design. However, for most slopes, the structural defects
and the -assumed critical surface of rupture will probab]y.be at
different orientations, in which case a small apparent cohesion

could safely be included in the design of the slope.
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In summary, it appears that design parameters should be
quite conservative for major projects and projects where human
life s dinvolved, because of the difficulty in detecting the
presence and orientation of the structural defects from scattered
borehole data and from infrequent outcrops. The use of test pits
is believed to be the only practical way to observe these
structural defects in detail and to have a clear understanding of
how they fit together. Without detailed field investigations
based on existing concepts and knowledge, residual or at least
near-residual strength parameters certainly should be considered
for design of permanent slopes in clays and plastic silts for
important projects; for sands and silts of low plasticity,

strengths nearer the peak values usually can be used safely.
CONCLUSIONS

Preliminary evidence Strong]y suggests a tectonic or

structurally controlled origin for regionally oriented joints in

the plastic silt-clay deposits of the Potomac Group in Fairfax
County, Virginia. Similar well developed joints can be expected
to be present elsewhere in the Potomac Group plastic silt-clays
of the county at similar, predictable orientations. In addition,
randomly oriented joints formed by unloading are likely to be
present in massive, highly plastic (CH) clays; thej are somewhat
less abundant but are still common in massive clays of lower
plasticity (CL) and in silts of high plasticity (MH). The joints

are inherently weak zones and may be further weakened and
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softened by shearing, infilling, and weathering. Joints, faults,
and shear zones are surfaces of weakness within an otherwise much
stronger  soil and are potential surfaces of rupture for
landsliding. It is important that excavation sites in Potomac
Group clay-silts be carefully investigated and designed to

prevent landsliding during and after construction.
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THE "O" STREET SLIDE AND ITS GEOLOGIC ASPECTS, WASHINGTON, D. C.

by: Ernest Winter1
and
. 2

Brian Beard

ABSTRACT
1 Unstable slopes along O Street, S.E., Washington, D.C. have plagued the area
for years. Evidence of slide activity predates any development in the area. The natural
instability of the Potomac Clay slopes was aggravated by construction of roads and

dwellings at the toe and top of the slope. Portions of O Street repeatedly became impassable

from slide debris moving onto the road, and the safety of houses at the toe and top

] of the slope was threatened. A detailed subsoil investigation revealed a weathered
zone of relatively soft clay and saturated sand layers in the upper soil profile. Water
level observations indicatéd artesian water conditions in sand layers within the clay.

The depth of failure movements observed with slope inclinometers was found

to be within 10 to 20 feet below grade, and typical soil parameters developed from these

| slides indicated a friction angle Cb'=210 in clay. The geologic character of the Potomac

Clay was related to observations on the site to identify the layers of most probable
instability and to establish criteria for the design of protective structures. A slurry

wall along the upper portion of the slide area is now under construction.

lSenior Associate, Schnabel Engineering Associates, Bethesda, Maryland

2S‘caff Geologist, Schnabel Engineering Associates, Bethesda, Maryland
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INTRODUCTION AND SLIDE HISTORY

The subject of this paper is the stability of slopes along O Street, S.E., in Washington,
D.C., where slope instability has plagued the area for many years, and where a retaining
wall is being installed for protection against further slope movement.

The particular hillside is bordered by O Street, S.E., Branch Avenue, Highwood
Drive and Carpenter Street. (Figure 1) Single family houses are located along Highwood
and Carpenter Streets, and five houses are located along O Street. The area of instability
is the interior of the block, behind the buildings. In the center portion of the site, along
O Street, slides have extended down and onto the street.

The topography shows O Street on a moderate grade from El 94 Branch Avenue
to El 142 at Carpenter Street, with the high points of the site along Highwood Drive
at about El 183. The slopes behind the houses have a grade drop of about 40 to 60 feet.

The site has a long history of slide movements. An 1884 topographic map shows existing
scarps probably resulting from slides on the hillside of O Street in the general area
of the present instability. The area was not developed at that time, and the original
instability was apparently not caused by human activity. When the site was later developed
with single family homes built between 1941 and 1957, O Street was built along the
bottom of the hill and Highwood Drive was built to serve the buildings on top. It is
probable that some grading was made at the time of construction of the streets including
some cuts for O Street and possibly some fills for Highwood Drive. More fill was placed
for the development of buil&ings on the hillside.

Major slides occurring through the years were concentrated in an area about
300 feet southwest of Branch Avenue. Slides developed and extended down to O Street,
sending debris over the street and making the area impassable. Also slide movements

were occurring, in addition to the old slide areas, within other slopes on the site.
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GEOLOGIC SETTING

The site is located about 5 miles east of the geologic "Fall Line" within the outcrop
area of the Potomac Group sediments of Cretaceous Age. Since the coastal plain deposits
dip gently to the southeast, the site is in the upper Potomac Group - the Patapsco forma-
tion. (Figure 2) The upper Patapsco consists of interlayered sands, clays, and sand-
clay mixtures, and is characterized by cross-bedding, channels filled with both clays ‘
and sands, and pinching and swelling of beds. Sand lenses within clay strata frequently
develop quite high pore-water pressures. \ . |

Slope stability problems in the Potomac clays are common in southeast Washington
and in Fairfax County, Virginia. Although massive, overconsolidated clays are present
to the north, few stability problems are reported. This may be attributed to a change
within the Potomac Group from a montmorillorite facies to an illite-kaolinite facies
at about the location indicated on Figure 2. (Obermeier, pers. commun.) The clays
of the illite-kaolinite facies are less susceptible to shrinkage and swelling and other
weathering effects.

The clays of the Potomac Group are generally massive, highly preconsolidated

and possess high plasticity. In southeast Washington and to the south, the predominant

clay mineral is a calcium montomorillonite, which absorbs water causing the clays to

shrink and swell cyclicly causing a considerable loss of strength that creates fissures

and fractures in the upper part, which is generally referred to as the weathered zone.

Weathered zones typically have lower standard penetration resistance (blowccunt),

higher water content, and lower shear strength than the underlying materials. If sand

lenses are present within the weathered zone, high pore water pressures develop within

the confined sand lenses and accelerate the weathering process. Slides develop most

frequently in these weathered zones.

SUBSOIL CONDITIONS AND THE SLIDE MOVEMENTS

The stratification of a typical test boring is indicated in Figure 3. The upper

subsoil profile consists of silty and sandy clay, and fine silty and clayey sand interbedded
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in layers, seams and pockets. Portions of these upper layers may have been placed

by older slide activity and transported from the higher elevations. Clays in the uppér
formations were generally sahdy and weaker due to the presence of water in the interbedded
sand layers. These layers are believed to be generally horizontal or to dip slightly down
slope. The depth to these soils seems to be less towards the lower elevations.

The deeper stiff clays and higher density sands showed marked increase in stiffness
due to less weathering and less exposure to water, and the sand layers also have a higher
density. There is also little evidence of fracturing or fissuring in the lower, unweathered
layers. It was believed that potential failure surfaces would be less likely to penetrate
into these soils, except possibly at the surface of the stratum.

Slides have apparently developed in the upper portion of the slopes, usually in
the layers of clay and sand. These strata extend to about 30 feet maximum depth below
present grade and include a complex stratification of layers with seams and pockets
of both sand and clay. Water is apparently available in several of the sand layers and
shear strength is reduced along the contact with clay layers, by softening of the clay
surface. Moverhents may occur both along previous slide surfaces which developed
from the natural conditions of the slope or along newly formed slip planes. The conditions
on this site are aggravated by the artesian pressure encountered in some borings and
in some layers. This pressure results in uplift along low permeability clay layers and
reduces the frictional resistance and the overall stability of the slopes.

Conventioﬁal stabili‘ty analyses based on the geometry of the site also indicated
that the most probable location for slip surfaces to develop would be in the upper 10
to 20 feet depth of the soils profile, Figure 4, This coincided with measurements on
slope inclinometers from the slide area. Figure 5 indicates typical movements prior
to a slide, and locates a probable slide surface at a depth of 8 to 11 feet below existing
grade. Extensive stability analyses were performed on the existing slide examining
soil stratification indicated by the borings, piezometric water levels measured in the

water observation wells, and the geometry of the slope to evaluate the shear strength

_88-

Errerad gmp
1 l

=y

g




ING NO.II

CLAY

STANDARD
SOIL STR-| PENETRATION NATURAL
DESCRIPTION ATA TEST MOISTURE & LIMITS (%)
10 20 30 40 I0 20 30 40 50 60 70
SAND & CLAY A .
FILL AN /
N .'/
CLAY B ~_
SILTY SAND B-I A
SILTY & SANDY 5 </
VCLAY \
SANDY CLAY B-1 /
SILTY & SANDY ¥4
CLAY B (
| SANDY CLAY B-I \
SANDY CLAY
SILTY CLAY
C p
{/
|
|
|
\ |
\ B
|
|
t
SILTY & CLAYEY | ¢ ‘
SAND ‘
|
|'
SILTY & SANDY ¢ I
|
|

FIGURE: 3 TYPICAL SOIL TEST DATA
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of the clay - which resulted in the in situ shear strength available at the time of failure.
With no cohesion, results indicated a friction angle on)I: 21°% in the clay. It was
recognized however that some cohesion may be present in areas where no previous slide
occurred. For the design of new structures the shear parameters of(Z)l: 18° and ¢
= 50 psf were used.
In summary several factors were seen to have contributed to slide activity:
1) Geologic conditions as found at this location were particularly unstable
due to the clay surface sloping toward O Street; sand filled buried ravines
in the clay; and the presence of layers and lenses of sand that provide sources
of water. These conditions were probably responsible for the pre-existing
| instability found at this location.

2) Hydrostatic pressures in sand layers reducing the effective friction and

resistance to sliding.

3) Environmental changes with construction above the slope and leakage of

water sources.

4). Cutting at the bottom of the slope and filling at the top.

An interesting feature of the site was that depressions were discovered in the
sufface of the lower clay. A section across the site is indicated by Figure 6. The con-
siderable variation in elevation of the clay can be clearly seen with two deep valleys
on the north and south side of the site. These locations were also found to be most
sensitive to movement, and the north "valley" was in the area of the major instability
zone. Apparently water is being collected in these areas on the surface of the lower
clay, with evidence of discharge at the bottom of slopes. The water provides a constant
lubrication to clay surfaces, reducing the shear strength along potential failure zones.

In addition, hydrostatic water pressures develop in sand layers, seams, or pockets, where
discharge is blocked due to discontinuity.

The remedial measures were designed considering these features of the slope.
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TYPICAL DESIGN REQUIREMENTS FOR PROTECTIVE MEASURES

Retaining structures with regrading and drainage were considered the most effec-
tive combination for this site.

Corrective measures recommended generally included a retaining structure at
the upper elevation of the slope, see Figure 7, to reduce the possibility of failures spreading
toward the buildings and to allow the flatter development of slopes downhill, as well
as excavation to the desired drainage depth. Typical wall height was about 12 to 15
feet. A drainage line at the bottom of the wall was designed to collect surface water.
Installation of a subdrainage system was recommended to collect water from the ravines
encountered in the lower clay and to relieve any hydrostatic pressure buildup. Regrading
of the downhill slopes to the flattest feasible angle was also part of the remedial mea-
sures. It was expected that downhill slopes be graded to 5 horizontal to 1 vertical or
flatter in most locations. In addition all surface water was required to be diverted
from areas above the site. At the time of this writing a slurry wall is being installed
at the site. This wall type was selected in lieu of the originally planned retaining structure
using soldier beams and concrete lagging. The design called for a minimum wall penetra-
tion of 10 feet into the lower hard clay layer which was not affected by slide activity.

The design of the walls was further based on pressures resulting from instability rather

than conventional earth pressures. This was based on the concideration that stresses

could be caused by unstable soil masses moving along pre-existing slides. Horizontal

support was further provided by tiebacks also required to penetrate into the deep clay.
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ADDITIONAL COMMENTS - ENGINEERING GEOLOGY OF THE ;

CHESAPEAKE BAY BRIDGES

Carl W. A. Supp, P.E., C.P.G.S.

Consulting Engineer-Geologist

Baltimore, Maryland

ABSTRACT

This paper is a relatively informal commentary intended to supplement
the presentation by J.G. Lutz and S.M. Miller titled "Construction of the -
Chesapeake Bay Bridge - Parallel Span'.

In 1947-48 subsurface investigations were completed for the original
Bavaridge, including preparation of two geologic sectlions extending across
the full width of the Bay. The resulting data, augmented by additional
studies as outlined by S.M. Miller, were again utilized for the design of
the Parallel Span which was completed in 1973.

The salient features of the engineering geology of the site, such as
the submerged and bruied former channel of the Susquehanna River, are
briefly reviewed. Comments are offered regarding the permanent value, both
practical and scientific, of a systematic and well-documented geotechnical

investigation for a major engineering project.
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INTRODUCTION

In 19h7-h8; while employed by J.E. Greiner Company, I was responsible
for geological studies for the original Bay Bridge. As briefly discussed
below, the substantial veolume of resulting subsurface data was also found
to be highly useful for the design of the Parallel Span, Therefore,
Messrs. J.G. Lutz and S.M. Miller have thoughtfully invited me to partici-

pate in their presentation.
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FIRST CHESAPEAKE BAY BRIDGE (1952)

Prior to 1948, the proposed construction of a Bay crossing was a highly
controversial issue. One segment of public opinion vociferously insisted
that the service provided by the then-existing Sandy Point - Matapeake Ferry
was entirely adequate, and that any new crossihg would be both redundant
and an economic fiasco. A tunnel crossing had numerous adherents on the
basis that it presumably would not obstruct vitally important marine
commerce to and from the Port of Baltimore; also, rather widely circulated
rumors suggested that construction of a bridge would not be technically
or economically feasible because the mud underlining the Bay is virtually
"bottomless'. And finally, there was substantial support for a high-level
bridge crossing.

To provide essential subsurface data for comparative studies of '"bridge
versus tunnel! and for final design purposes, an extensive test boring
program was completed during the period December, 1947 - June, 1948, as
follows:

16 Borings - Along and adjacent to the "Tunnel Line", extending
in a straight line from the extreme tip of Sandy Point
to Kent Island (éee Plate 1)

33 Borings - Along the "Bridge Line", curving off Sandy Point
adjacent to the existing Ferry Terminal, and thence
extending on a tangent (about 4,000 feet south of the
"Tunnel Line") to Kent Island (see Plate 2). (The
location and the curve in the bridge were dictated
by War Department criteria with respect to the main
navigation channel - the Sandy Point to Thomas Point

Shoal Sailing Course.)
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Additionally, some 24 borings had been made in 1938, for a preliminary
bridge study, along a line roughly coinciding with the "Tunnel Line"
(see Plate 1). The resulting samples were no longer available for examination;
but the logs furnished valuable data for the layout and planning of the
new program and for development of geologic cross sections as mentioned below.

More detailed discussions of the subsurface investigations have been
presented elsewhere by Greiner Co. (1948, 1961) and Supp (1952, 1955, 1957).

During the early months of 1948 J. E. Greiner Company, in collaboration
with several other engineering consultants, completed exhaustive studies
covering the relative merits, feasibility, and costs of a bridge as compared
to a tunnel crossing. In June, 1948, Greiner Company prepared a statement
for the Governor, the State Roads Commission, and the State Highway Advisory
Council which recommended the bridge alternate for the reasons that it would
(a) offer superior traffic serviceability; (b) involve significantly lower
initial and maintenance and operating costs; (c) require a shorter construction
period; and (d) present less interference to commercial shipping and small
craft. The State accepted the recommendation; and in July Greiner Company
issued a formal engineering report on the Chesapeake Bay Bridge (Greiner
Co., 1948) and was authorized to proceed with final design studies and
preparation of Contract Documents.

More or less concurrently with the aforementioned developments, the
author was responsible for all geological Situdies which included:

l. Classification of all boring samples, based upon examination
under the microscope and laboratory test data.
2. Development of a geologic cross section along the "Tunnel Line"

(Plate 1)
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Inarganic Silt fraction varies from a frace to opprox. I5%, with an occasional very siight trace of Mica. .
ed from Plate 1, XVI International J.E. GREINER COMPANY
> Guidebook 5, * Chesapeake Bay % MATAWAN FORMATION =GLAUCONITIC SAND. Very similar in character to the Monmouth.Generally greenish block GONSULTING ENGINEERS
* Cooke, and Mansticld. : § in color. Usually somewhat finer than Monmouth. and carries less Glauconite in smaller grains, more Silt and BALTIMORE , MARYLAND
4 clayey material, and usually considerably more Micao. ’
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EXPLANATION - GEOLOGIC MAP

Terrace deposits, beach sands, sand
dunes, and swamp deposits in areas
bordering the coast, where the older
Tertiary and Cretaceous deposits
do not rise above sea level. Surficial
Pleistocene terrace deposits which
cover most of the remainder of the
area, resting upon the Cretaceous ond
Tertiary formations, are disregar-
ded in the mapping.

Calvert Formation

Pamunkey Group
(Aguia and Naryjemoy Formations)

IR

Raritan, Magothy, Matawan,
and Monmouth Formations

Potomac Group
\\Q\Qk&d\. Arunde/, and
Patapsco Formafions)

_

QUATERNARY

TERTIARY

CRETACEQUS

NOTE : Geologic Map adapted from Plate 1, XVI International
Geologica! Congress Guidebook B, "Chesapecke Bay
Region ", Stephensan, Cooke, and Mansfield.
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PRELIMINARY GEOLOGIC SECTION

SANDY POINT TO KENT ISLAND

HORIZONTAL - SCALE

500 (o] 500 1000 1500
FEET

~EXPLANATION-

RECENT AND PLEISTOCENE “SEMI-LIQUID” TO VERY SOFT, BLACK SILT AND CLAY.
Laboratory analyses of undisturbed samples disclose composition of a typicai somple
to be : SILT, COARSE TO FINE (55%), CLAY (45%), trace Fine Sand (2%). Material has considerable
Organic fraction (est. approx. 15%). :

2000 2500

RECENT AND PLEISTOCENE SOFT, GRAY, SILT AND CLAY. Laboratery analyses of undis~
turbed somples indicate that composition and physical characteristics are somewhat
variable. SILT fraction predominates and in some samples CLAY fraction drops to
{0~15%. Where determined, Organic content ranges from 6-12%.

RECENT AND PLEISTOCENE SAND bZU\OF GRAVEL DEPOSITS. These deposits form old
terraces, now submerged, and the terraces currently in process of being built up.They
also occupy former stream chonnels.

AQUIA FORMATION =~ GLAUCONITIC SAND. Glauconite is o soft green mineral, essentially

a hydrous silicate of iron and potassium, originally formed under marine con-

ditions. It gives to the sands, where they are comparetively unweathered, a greenish,

greenish blue, or greenish gray color “Greensand’). In this areq, the Aquia has bzen

subjected to more or less weathering, with consequent alteration of some or all of

the Glouconite to lron Oxanﬁ_-_.z..o_u:.ﬁv.nocu_.:m the characteristic coloration of the

sands - yellowish greer, greenish brown, reddish brown, mottled ond variegoted

reddish brown, orange, green, gray, etc. Over restricted oreas, the Limonite has been

dissolved and redeposited, forming thin crusts, ledges, and layers of iron-cemented

Sandstone . Occasionally a gray, hard, silica-cemented Sandstone, also purely local

in oceurrence, is encountered. Sand is predominantly Medium fo Fine, with varying

amounts of _:o_do:mn Silt and Clay from trace to approx. 20% ; occasional trace of Mica.

MONMOUTH FORMATION - GLAUCONITIC SAND. A uniformly Medium fo Fine Sand, color generally dark green-
ish gray, greenish black, or dork brownish or yellowish green. Glouconite is mostly dark green to greenish biack,
with occasionally some altered to greenish brown, and varies in amount from a trace fo approx.40% of the sand.
Inorganic Silt fraction varies from a frace to approx. 15%, with an occasional very slight trace of Mica.

MATAWAN FORMATION ~GLAUCONITIC SAND. Very similar in character to the Monmouth.Generally greenish black
in color. Usuatly somewhat finer than Monmouth. and carries less Glauconite in smaller groins, more Silt and
clayey material, ond usually considergbly more Mico.

[
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*SEMI~LIQUID” BLACK & GRAY ORGANIC SILT

SOFT GRAY ORGANIC SILT

SANDY SILT E SHELL
GRAVEL

QUATERNARY
Pleisfocene £ Recent

-150

GREENSAND-~
SHELL MARL

GLAUCONITIC SAND
("GREENSAND")

AQUIA FORMATION-Silty Glouconitic
Sand, usually reddish brown or mottled

AN /,/ﬂ,/,
/,,7,//,,,7,
/JIII 1//(

N

dark green 4 reddish brown. Sometimes

contains fossil material ranging from
minute to large shells and calcarecus
fragments (Greensand - Shell Marl). Sand
-250 is often locaily cemented by iron oxide

TERTIARY
Eocene
N

-300

GENERAL NOTES

I. TEST BORINGS by Raymond Concrate Pile Co. (Gow Division).

2. GEOLOGIC INTERPRETATION by J.E. Greiner Co. based on:

(@) Study of boring samples.

(b) Correlation with published data by Maryland State
Dep’t of Mines, Geology and Woter Resources, U.S. Geological
Survay, and others; with previously accumulated dota
pertaining to geclogy of vicinity of site in files of
J.E. Greiner Co.; and with data derived from Soil Maechanics
studies.
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or silica to form thin crusts of Sandstone.

MONMOUTH FORMATION ~Glauconitic Sand,
uniformly Medium to Fine, dark green,
greenish gray to black, quite compact.
MATAWAN FORMATION-Glauconitic Sand,
" somewhat finer than Monmouth,with moere
4 silt ¢ Clay, greanish gray to black, compact.

Y MAGOTHY FORMATION-Coarse to Medium
% bluish gray Sand, no Glauconite, Sands
= ond Clays containing Lignite ¢ Pyrite.

CRETACEOUS
Upper Crataceous

STATE OF MARYLAND
STATE ROADS COMMISSION
BALTIMORE, MD.

CHESAPEAKE BAY BRIDGE
_SANDY POINT ~ KENT ISLAND

GEOLOGIC SECTION AT SITE

SCALE..AS. SHOMN. ... ..DATE: lANVARY.,.1949 . CONTRACT
J. E. GREINER COMPANY DWG. NO. 181
CONSULTING ENGINEERS
BALYIMORE, MD. SHEET 7 OoF 7
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w BORING D-2 3] [T L. BORING D-3-A [3] [Tk [, BORING D-4 | [EEs BORING D-5 [3) [Tfg];] BORING D-Il [4] [fs 465 F@E BORING D17 [3] [Ef ke RE
oy =l w|CY = o Sul = = gl g el P o 5 | =
: 2 Y ESes 2 HiEEag = 4|2 snE 5 g TS ES e e L N F3 o LwlPYRIalgl=|E|.
£l |5iELEs AELSEE g |55Es 5 |ElEEs Bl |§EngiEsaSigyl BORING D-17-A |2} |2 @hetaBzalns
- et o T = I =] e k= b = =(E
ELEV. 0.0 M.5L [ CLassiFcaTIon wlegfa @ CLASSIFICATION | 7 j007] & |3 7|8 [ciassiFication | = |oo/] 2 [57@ [Ciassirication| © |00 & [BV]a" CTRSSFICATION] * ooy| 3 [F¥a"[25|2[82 - ssTEcEToN | B jooz] & [Beld S 2|82
7 [1-6f 3
a 51 NOTE ! |\.Wm s |6 3 WATER WATER
@ 3.2 NOTE 2 —] -9 |3-G| 3 5.1-5AND, MEDIUM, some Coarse, dark greenish WATER 213
< 5.3-4 *SAND, MED. TO FINE , some Sitt, gray; traces Shell fragments, Fine Gravel, ¢ Sitk. 140(1-6| 5 5.1-5AND, COARSE T FINE, some Silt(portly Orga WATER m £lE€
- 4 motHed reddish brown § greenish gray. 13514-0| 11 3.2-5ILT, S0FT, gray {some Orgamic content); 1801 2:Gf 3 nic), dark greanish gray;trace Med.tofing ! EIE|E
= a little Ciay; a lifHe Fine Sand. Gravel. 5.2~ CLAY, MEDIUM, greenish gray 4 S.1-SILT, SOFT,§ SAND, FINE, seme Shell, dark |22 WATER
M 190 5.3-3AND, MED. TO FINE; ORGANIC MATTER, peaty, w026l 1 shreaked with reddish brown, graenish gray. : 28 1-6] o 8l&|&
5.5 £3AND, COARSE 10 FINE, reddish bronmy 30t black ; GRGANIC 3ILT, black. : 3.3-51LT 4 CLAY, SOFT, some Fing Sand, greanish gy 26 3 N . P vy
: fo greenish brown; scattered fragments 5. 4*5AND, MED. TO FINE, mottied greenish gray 340 a-6| 4 5.4-3AND, MEDIUM, seme Fine, brown; traces Silf4 a6 12 5.2-5AND, FINE, some Madium, some Shell, o no02-q 5 S.1-ORGANIC SILT, SEMI- 3 =139 212|2 9
indurated sandy 3heil Morl; tract Sitk and reddish brown; traces u:_m and Clay. Clay; some Med. to Fine dravel. 0l 1c itHe Silt, dark greenish gray. ] DDC_U Bk 8% Fine SandiH = I-F{ O |204] 2 T
" 4as| 5-6| 21 3.5%3AND, MEDIUM, to reddish b Wb A . . . = E
5.C *SAND, FINE, G fittle Silt, mottled 152 35 XSAND, FINE, meltied greenish groy4 reddish ; Sit; slight. race.radarsh Sy oo 3.2-5AN0, MED. TO FINE, some Silt, dork red- 5.2-31LT,30FT, Gray (36%); Fine | S5y 23| 16| o | 1cc| 2 59 1 5
: black § greenish gray. i alittle Sift. G NOTE 3 — 80| 66| a7 H odl 2¢ dish brown. 433(3-6] 11 Sond (29, : = r ’ 5.1-ORGANIC. SILT, SOFT, Black 4 Gray; 410lsrp| © 8| 172 _NM
. 3 i ~T%SAND, MEDIUM, mottied reddish brown TR . e very slight trace Fine Sand.
5.7-8 ¥ 5AND, MED. TO FINZ, a HiHic Silt, 4 5.7 7SANDLMED. TO PINE, moltled graenish gray . 5,621 3AND, MEDIUM, s30/4-d| 52 5.3-SILT, S0FT,Gray(CIT; Mad. | 1] =33 y slig o
S red o é..:mn:m s reen, and raddish brown; trace Silt s Eri mw and dark green; traces Siit and Clay. ol 22 5.4-5 %SAND, MED. TO FINE, some Silt, mott- unam:o.cmn.un:m 12%);F: Sand(3%] 57; W.Mm 555 39| O | 76|29 .25 SAME w%uw_u o l1ac] 5|adasl 2
gray, yellow, and brown. 2 S A5 *SAND, MED. 10 FINE. o liFHle SiIf. mott- led reddish brown and dark greenish gray. P R w;.\,.!zc.s.\wo_c:ﬁﬁ:o FINE o Bl 46| & | 21[19)
- » MED. 10l 3 - - 35%), 51t (23%), gray and Ik brewn. -
55 %SAND, MEDIUM, some Fine, some led dark greenish gray, reddish brown,{ gray. cas) 86| 3t aal s rashadise 55 *oand m_zMMm_wLmvszcz 100 56 25 | z5lec 53+ SAND, FINE (57%), Med. Sand (23%), «s5i3-6| 25 22/85
Silt, mottied black ¢ dark greenish gray; 3% 3590, Silt (142, mattled or ] SHE(I57), €. 5and (5%), gray.
. Stight Frace of Mica. 4 ra0] 9:6) 4¢ 3.8:5-10 ¥SAND, MED. TO FINE , a fitHie Silf, dary ol let 5.G-T-8 #SAND, MED, TO FINE, o lithla Silf, mott ool  CETDSilU4T,mettled green b S4%SAND, FINE (59°), Med, Sand (30%) 711046 15[ 31f89
510 ¥SAND, FINE, seme Medium, some Sith, \ 5310 #SAND, MED. TO FINE, a littie Silf, dark greenish gray,dark graen, and greenish brow, d black and dark grayish green; very aos! 7-6/102 3G %SAND, FINE (68%), Med. Sand 805 66| 2% 2412 Sili(11%), mottied green ¢ brown, =
mottied dark reddish brown, black, $ 1.* greenish groy; slight trace of Mica. frace Clay; vary slight trace Mica. 1od 103 slight trace Mica. (Z4%), S5ilt(8%),dark @an.uvmaw foly g . o . a
dark yellowish gray; very slight trace 10-6 €3 0 8-6| 198 5.7#5AND, MED.(447) TO FINE (37%), sasl 76| 83[ 178 5.5¥ SAND, FINE(CO%), Med. Sand (32%), 356 50| 27|92 5
; of Mica. “0 . . . 5.3 ¥SAND, FINE, o littie Silt, dark brownish 1% SiIF(13%),C Sand (), blue-green. Silt (%), dark graenish gray. 3
5.14-12 #3AND, MED, TO FINE, a litHle 5IIt, n-g 43 31 ¥ SAND, FINE, oma Madium, some Sith, 11-6) 106, green; very stight trace Mica. sas{s-a} 100 SB¥SAND, FINE (622, M.5ond (30%) 930 8al 20| 24|e7 S.G*3AND, FINE(48%) TO MED(3¢%), 5itt 066 78 2088 2
dark brownish green (511} to dark griend . 5.11 ¥SAND, FINE, @ litHe Silf, dark greenish ark greenish gray ¢ greenish brown(falnty Sil}(8%), very dark greenish bréomy : (12%), C.5and(4%), dark greenish gray.
ish groy (5.12); slight trace of Mica. gray, greepish brown, and black (faintl laminated), quite Gdmpact; traces Clay ¢ Micd. 8s 5.10 % SAND, MED. TO PINE, a little Silf, very #5AND. :.wpzo.:aqo FINE (45 STRSAND m_ziﬂ.é M.Sand (18%), silt 1069 T-6{ 57| 21 ail
-14 ¥ laminated); brace dork gray Clay; sli nt 12-6] 16 5.12 % 5AND, MEDIUM, g little Fing,a littie ‘ dark, greemsh gray laminatad with yallowisk oo 102 39 d ol 1O ! 030 36| 26| 1|3 g ot g
314 £ SAND, MCDIUM, a littic Fine, a 199 trace Mica. '5.12 Same excep! SAND MED. T0 Jitt, dork greenish gray fo greenish brown rian Frace Clay - wary Slight trace Mia: ™ SilHT?, dark greenish gray. (15%), dark greenish gray. 2
fitthe 30t yelloish green (s3] fo dark ¥ FINE and quite compact. ' glioc|  (Faintly laminated)] trace Clay. ofize T S aD D T B O e e 10| 5.10%3aND, MER(T0%) F Sand@2t] uaslio 24| a4 5.1 %SAND, MEQL(56%)T0 FINE (35%), Sitt 130{ 1-6| 35| 2198| %
9 ey ’ s0 5.12% SAND, MED. TO FINE, a littie Silt, yellow- 5.12% SAND, COARSE, some Medium, @ littie Sl ied yellowish graen and greenish gidy. L S5ilt(8%),derk greenish gray{blk (7%:),C.5and(1%), dork grees. a
ish green; trace Ciay. | ' mottled yallowish green and greenish black. el 27 SAZESAND, FINE g liimg D o @l sl 5.2 #SAND,MEDIUM (63%), £ Sand (24%), 250/2-6| 62| 243 o
100 5.14 *SAND, COARSE TO FINE, g little Silt,yellow] Jiata(4-6) a2 ' Silt, mottied black and greenish'gray. vﬁuﬁcw;mw.ao.\.:.on_zns& SitH{10%),C.5ond (3%), dark grayish green F
: . . 3 ish green fo greenish gray; trace Fine Gravel 2 Silt{10%), dark yallowish gren. S5.3%5AND, MEDIUM (63%), F. Sand(25%) -6| 26|20| 2
w.a_wx_uﬁumrzwwnwo FINE, a fitte Sim, (sardstone & iron-camented Sand); trace Clay. 140gis-o| 92 5.14-15-1G-17 ¥SAND, MEDIUM 10 FINE,  little 15-6|14% S1B-14% SAND. FINE. some Silt, oniform dark 18 S12EU0, FINE(52%) T MED(387) 126/ | 210 SitH{i0%), €. Sand(1%), grayish green, L =
’ ; Silt, mottied black and greenish groy. -15-L g . iIt, oni o 511t (10%), black § greenish gray,
, S 5.15-1C *SAND, MED.TO FINE, a littie Silt, mott Mar d g groy. grayish graen; almost no Mica. sa2ls S.4%SAND, MEDIUM(CA%), F Sand (32%) 4 3%
|92 | led green and black; traces Cloy{ Mica(stighl] w.v_smna.uu.:n axceph unifdrm dark grayish ._.Wm w.ﬁwﬁ@&ﬁﬂ“ﬂﬁm.ﬂf&%n”ﬁﬁ 17 u%. 1417 SHF(4%), dark yellowish green. ’ m.:@o &
) 120 51 100 S14¥SAND, FINE(1%) AND e acl199] 13 les 5.5 ¥ SAND, FINE (64%), M. Sand (26%), Sitt 50199/ z0lsq
NOTE | - SAND, MEDIUM, g litHe Coarse, brown; trace Silt. 5.17 ¥ SAND, MED. TO FINE, g litHe Silt, unif 1e 116|458 1 o) P : il (10%), yeliowish green. .
. 3 : \ .a L uniform 5.15-1C * SAND. FINE silt TO £.{35%), M.5and (24%,),dark y
NOTE 2 -*SAND, FINE, some Medium, a litte Sitt, mottled yellowish green ; trace of Clay. o DA, FINE, some 3ilf, uniform dork green. NOTE 4 S.CXSAND, FINE (CGT), M. Sand (20%)5it 6192 2zfec
. reddish brown and grecnish gray. <o 186|180 WM_N_N:M_”._N.HH m.o_u.w__.manoqr green (5.16), 100 (147, dark green.
’ " [ "
5.18-19-20 *3AND, MED. TO PINE, a litHe Sift, \ w_.“wwﬁ_wmﬁﬁwwwwrz.ma:aﬁé.u__ G| 98| 18)83
uniform dark greenish gray; trace of Clay; o 5.19- #SAND, FINE, a littie Silt, unif dark 196 19 ' L .. ;
slight frace of Mica, o 7 id oien e T @ little Silk, uniform dar 5.17 XSAND, FINE,& SILT, some soft Lignite » NOTE 4-Boring stopped when sample spoon with 10'of [* wash | S8¥SAND, FINE(50%), M. Sand (307, '
3 106 PR I8 20g €3 and Organic Matter, greanish black. rod was lost in the 24" casing and atfempts fo rekel Sitt (20%), dark greanish gra §6j100} 1€160
NOTE 3 - #SAND, MED. TO FINE. mot Hed — 2077 SAND, MED. T0 FINE , some Coarae,a  Ciaas 5.18% 3AND, MED. TO PINE, g lithic Silf, dark |'®'¥ 100 : P the £27cosing dnd aifempts fo retriee spoed o J i
e 3 rabAND, MCD.TO FINE, mottied groy u.u... uw__.mmo_.r greenish brown laminated Pl i , ¢ r.& failed. uu*u»zc. FINE(72%), M. Sand (2¢%) 56| 80 26|29
B 1 lack. A g il i
Foasil Shetl Mart. 5.19 ¥ SAND, FINE§ SILT, a little Lignite and (04 5 @1, dork graenish gray.
Fine Carbonacesus Matter, graznish brown S 10% SAND, MEDIUM (CI%), F. Sand(ITX) 106199 1982,
to graenish black, compact’ Silt(18%),C. Sand (4%), reddish brown.
) S.11 % SAND, MED.(42%) To FINE (407, Lpicdi-clioco z2ay
u 5iit{18%), dork greanish brown. E
. : Legend General Notes
TYPES OF SAMPLES ~CORRESPONDING SYMBOLS For LOCATION PLAN of borings see Dwg. Na.I37.
" G- Ordinary GCW T. Dry Sample, ) %" 1.D. Split Spoon.
. ~— = . - — - . T . . S5T- c:a;_c.w.\wam Mn_.wﬂﬂs.uhnrm< Wcmm.n.wﬁa::.wuu ._.7“_gna1. TEST BORINGS were made by Gow.Division, Raymond Cencrete Pilg
BORING D-50 [3 2lg o BORING D-36 [Z e -ERSSE BORING D-39 [z gls [ fog RdE BORING D-41 [ 3o POl R%RSs Wall, 3" .D. Co., 1947~1948, under supervision of J.E.Grziner Co. For transcript
= el W = = o N.: W.l...MY olwl|z 5 oz, OMWY NEIEL = o NEMHWY alg Z bl STP-Samae as ST, excapt using PISTON Typa Sampier. of original boring logs see Dwg. No. 138.
- 2 2 =% 2 T E HEIE 2 2 BSlealaz = (58|18 3 =L e 2 A el F~FLAP VALVE Sample, 2"
a2 3 m&mm -] ] wmwun%s S|€15 F 2 urmmn%s =215 = £ 12+ Mm m%n =[2l5 W- WASH Sample. CLASSIFICATION OF MATERIALS was made by J.E.Greiner Co., based
[ —_ 3 =~ = = =4 = = = N . -
ELEV. 0.0 M.5.L.#° CLASSIFICATION | » [09/| &[4 B CLassIFIcATIoN | |007] 5 |37 [ |2 1¥Z(8e CLAssIFicaTioN | » |aog] & [A¥s"E 1?E[S B CLASSIFICATION | & |09/ & Va2 25283 OP- Ordinary Gow Type, axczpt using I* OPEN END PIPL. on: i .
4 Continuous Saraple, 2' interval, using ordi- @.Mechanical 3ieve Anclyses and ofher standard labergtory
] WATER \ 26 i zscri y 9 tests performed at Soil Mechanics Laboratory, University of
vjv o WATER 453 nary Split 3poon, described above. !
WATER R wlg| Si-3LT,SOFT, Groy (85%), M.Sand 2l3|e L . . Maryland, except for Borings Nes. D-2, D-3-A, D-4, D-5, dnd D-50,
H m c 145 3 EE| ow - Sand (5%). W.Rn:o_,._n_. Sl -dl 2 |47 is| E18| £ 435 2 | Continuous Undisturbed Sample, 2" interval, for which no such tests ware made. Classifications of material
- WATER EIE El 51 sAND, MEDIUM (497), ShelI{241)), 10 1-6| 3 (21 |70/ €| €| E SA : ' ) HEE 485137 | using Shelby Tube, described above. from the latter borings werg based on (b), Following.
f 195] 1-6| 10/ 19 |51 5'5. 5 , EIE|E| 52-SAND,FINE (d2%), M.Sand (28%), e-a17] 15| E|E[ € 9 g
S1-SHELL(39%) AND SAND,VEDACT) | ﬂ_wf F. Sand (14%),C Sand (7%}, 5it{¥), gray, E(218| 5iit ¢ Clay(28%),C.5and (2%, groy £ brown| 3612 [ 16 o Bi5ls ). Study (by J.E. Greiner Co) of ali samples (except Shelby Tube
E Sand (14%),C. Sand (T%), 5ilt (4%). 3.8 & 5.2-SAND, COARSE (38%) T0 MED. (36%), 2 23tost| 7 |~ | =) BI&18 | 53-54ND, MED.{58%),F Sand (0%),C. 2| 8|l m BLACK ORGANIC SILT m GRAY SILT § INORGANIC somples) with low power microscope, to determine geologic
5.2- 5AND, MEDIUM(S0%) F Sand(?47) ¢ w%_wo.uo. _._~ _|u MN «NL.Nm M M. F Gravel (19%), F.5and (7%), brown] 305 2-6] 8 {18 &l w M ANm Sand (14%), 5ilt (8%), brownish gray. els|s SILT mn.vﬂ_.:o.:o: and mineral com Ou_:o.:m also nv.v_.Ox_.BO»n grain
" | Sheli(1ZX),C.Sand (8%), Siit€%). ' 5.3-GRAVEL, MED. § FINE (447),4 SAND, S5.4-SAND, MED.(S0%), F Sand (23%), M. 4al ¢ {14 lar =zf=|= size distribution in un_s_u_n... or Sv._n:.inn:o:_no._ sieve nJo_kE
3.1-ORGANIC SILT, SOFT, BLACK, 4 SAND;| - 3 _ d » - 4 d 3801 3-0135 | 13 CE Grove! (12%), €. Sand (8%), Silt (7%), brow were not mode. Approximate quantitative notation ‘used in iatter
trace Sheil. ~N Gl o 5.3-GRAVEL (30%- Sandstone), SAND, 415/2-6| &3 15 |74! COARSE TO MED.(41%), F Sand (9%, k hC g ? TOWN, 56 24 | 12 {8 SAND ﬁ GRAVEL b ! : r ¢
2l MED.(Z7%), SILT (26%), F4C Sond 0L oalawl — | — lsg SHHE %), brown. 3 3.5 ¥SAND, MED. TO FINE, loosely iron-cemend esf| cases, and .Quna on visual nxoa_:o:o:n. is as follows: . .
5.2+3-3AND, MED. TO FINE, some Sheil, 5.4 NOTEG -~ 48315-G| 36| 22|13 5.4%5AND,MED.(37%) TO FINE(3678), Silt4 Cloy 485|4-6| 23 | 21 [80] 1ed to reddish brown Sandstone fragments. oG] 2¢ | 2¢ |47 GLAUCONITIC SAND, — Predominating Component (Usually 50% or :6.&._3 capitals,eg“SA
a littie 3iIt, gray; trace Fine Sroval. 5.5-%5AND, MED.(37%) TO FINE(3T %] (20%).C.50nd (1%), dork green, motticd w. 56-SILT 4 CLAY(53%),M.%5and (21%), F Sand %SAND (*Greensand’) 53w SHELL ¢ SHELL MARL 35-50%-"and 10-20% -*a little .
1 Silt (L1 7L),C.3and (5%). L e iy £ o] 57 o (16%),C.50nd 4%), mottied brown b grazn. | %5 Soe Bal D.. 20~25%-"soma” 107~ *trace” (1%-'vary slight’; 1-5%-
R . S.C#SAND, MED. (44 %) F Sand (15%), 60 25| 26|73 S5-SHELL z;mrn..am$3<nc§§..«oxm=.. ) 380156/ 30 | 14 (0 T mo.q:\ 16 .wbu 18 |44 ee Below . *slight", 5-10%-"trace” or heavy trace
z 3.4 ¥ SAND, MEDIUM, same Fing, a it s < Sand (K%), 511175, Brown SAND-SHELL MARL,C.IOF.(3and)(38%), St 6 solc-ols0brs L] S TGREENSAND-SHELL MARL, M.TOF (gravel m CLAY M PEAT 4 ORGANIC MATTER @ M.1.T. STANDARD, shown below, is used in ail cases fo describe
~ 3iim, dark grayish graen; STRSAND, MED.(CO%) F Sand(20} 76| 32| 18|88 S.C-GREENSAND-SHELL MARL, C.TOF.(grovel)(31X) -6 {427.), C.TO F. (sand}44%), 5ilt(14%), green-groy 5692 15 |5z grain sizes. Grain size curwves for all mechanically sieved sample
M ) . 25 SH(129%), 0uu:&a54v3(=.w.ﬂa C.TO . (sand}(53 %), 311 (10%), white ¢green-yel. 58 NOTE 8 —1 were prepared, from which particie size distribution wos deter-
! 5.9 * SAND, MED. TO FINE, o fittle Silt 4 h g 7 60| 47| 18 [a3] ST 7SAND,MED.(53%), Finc(24%),Silt(12%), 715| 1-6[ 32 | 15 Jas %S SANDSTONE CRUSTS Symbols are used both mined. For samples classified by visual examination only, appli-
el Clay, dark brownish green; tr.Coarse Shdl " 5.8%5AND,MED.(51%), F Sand(19%) C.5and (5%), dork yellowish grezn. No Shell W I 5.9%3AND, MED.(59%), F.Sand (24%), Si1H(12%) 3Gl 75|ic 88 (Generally Locaily singly § in combinations. cation of standard is i irat o4
5.¢° SANDSTONE CRUSTS - SEE NOTE5.— e Sitt (17%),C.3and § Sheil Yar! (1% . 885876/ 46 |IT [88]  C Sand (5%), trace F.Shell Marl in Sand,green :&:EE% Sand). = :nu_ﬁ_u._m_,uw unmmwrau <
3.7 SILT-CLAY 4 GREENSAND-SHELL MARL, S3RSAND, MED. @4 %), 7 sdM(29%), 01 33| 18|77 38 3AND, MEDUEXITO FINE(EN)Si e, S.10-GREENSAND~SHELL MARL,MED.{sdnd] ~ | ® 10| 52 | 24 (a3 . Gravel Mo Cla
uw_.v,.ﬁhumﬂn“nmﬁ.“wmwﬂmgizu. s 5it (23%),C. Sand (479, brown§ grem] ,trace-Shell Mari in Sand, yd! mie_ (52%), Fina (33%), 3ilH{15%), gray ¢dork green. BLOWS ON SAMPLER ~Sampling spoon used to recover m cIMIF m cTW [T m CIMIF _ .,m‘
A GREENSAND- SHELL MARL., MED. TO PINE] 5.10%SAND, MED.U4A %, F Sand (7% 10| 31 18176 59 *5AND, MED.(33%), C. Sand (2676), E Sand (15%), > 9909655 | 16 [80|  5.11~SAME, MED. (sand)(37%), Fina (5%) oarsq sfti-6| <7 | 13 174 Gow fype samplus was driven by 140 b, weight falling 30in 6 I € 2z & 2 0 0T o6C 007
a little Siit, grecnish brown; br. Coarse Sond] C.5and (15%), $itH{11%), Grove! {(3%)] Sitt (149%), M4 E {grovel) Sandstone Chips4 Shell Ml (12%), Si1t (18%),Grove! (8%), gray 4 dark green) on ol "D” Borings except D-3A,;D-4,4 D-5, on which (28 Ih Lk Le Ak h
9 i 1oc 9 P @i groy 9 ight d Who! i | rd be Grain Size in Millimeters
5.9 JAME AS 5.8 except reddish brown, § “ S.11% 54ND, MED.(CO%), £ Sand(16%)) 116} 5312588 ¢ |0-GREENSAND-SHELL MARL.C TO F.{sand) 10-6| 25 | z¢ Bo| 5127 SAME,MED. (30nd)(50%), Fine (28%)Caare| 12651 | 21 lac waight was used Whole numbtrs In column record number
race fragments fossil Shell § cemtd il (12 %), C.Sand (O%), brown . - )y /o), brown-gray mottied w. green. 1 - N pan on.
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