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Agenda
1. ASCE Student Chapter and AFE 14.533 Class

o New England Bedrock Geology Overview
o Bedrock Geology 101
o General Geologic Terranes in New England

o General Bedrock Types in New England

2. AFE 14.533 Class

o Rock Core Viewing

o New England Surficial Geology Overview

o Unconsolidated Material (Overburden) Types
o Typical Overburden Stratigraphic Sequences

o Examples of Applied Subsurface Evaluation
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Geology 101 — A Recap

Rock cycle. —Modified from Press and Siever, 1994
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lgneous Rock Types

Percentages of various minerals

Anorthite K-feldspar

Olivine Plagioclase

Pyroxene

Intrusive Diorite | Granite

Mafic «————— 3y Felsic

Igneous Rock Types

http://dept.astro.lsa.umich.edu/~
cowley/intro2.html
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Regional Metamorphic Rocks — Shale Protolith

Lineation, Schistosity, Foliation

Shale Slate

Phyllite

Schist

Gneiss

2 Clay minerals 2

2 Chloiite

2 Muscovite

¢

¢

Biotite

¢

¢
Garnet

¢

Kyanite 22

Sillimanite

Feldspars

Quartz

http://www.geol.umd.edu/~jmerck/geol100/lectures/17.htmi
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Sedimentary Rock Types

Clastic Sedimentary Rocks Chemical Sedimentary Rocks

Textlre Texture

course corse fo ﬁﬂE
over 2 mm Cryﬂ,amﬂﬁ

visible fragments of
shells

microscopic shells
el and clay
LS ogmn very fine crystalline
fine ' fine to course
1/256 to 1/16 mm - crystalline
fine to course
very fine

crystalline
less than 1/256 e
mm fine

course

over 2 mm

http://www.rocksandminerals4u.com/sedimentary_rock.html
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St. Lawrence Valley
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Tectonic History of Eastern North America
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Chronology of
MA Geologic
Events
Glacial Advance/Retreat

Failed Rift Basins

Alleghanian Orogeny

Acadian Orogeny

Taconic Orogeny

Grenville Uplift

Skehan, 2003)

ERA| PERIOD EPOCH IMPORTANT GEOLOGIC
million years ago EVENTS IN MASSACHUSETTS
Wisconsinan Ice age begins 80,000 years ago and covers
Mass usetts between 25, nd 15, S 0.
QO QUATERNARY| Pleistocene a.;...a-:h setts between 25,000 and 15,000 years ago
- Marine sediments deposited during Sangamon interglacial stage
Y '1 6 Remnant till of lllinoian ice shasal deposited 140,000 years ago
~N Pliolgene
O Mio-cene Depaosition of glauconitic sands, coarsa sands, and graval
24 —
= TERTIARY Oligocene
w = 36
ocene
(&) e Lcn &
Paleocene
65
(_) Intrusive rhyalite in northeasterm Massachusetts.
— |CreTACEOUS %
Deposition of variegated clays, silts, and lignite coal at Gay Head
(@] 145 Marine sediments of coastal plain deposited far inland. N
N Rift volcanism initiates opening of Atlantic Ocean and breakup of
(@] Pangaea. Rift basins open in the Connecticut Valley region. Ba-
o Jurassic salt flows and dikes, including Medford dike.
P
Deposition of fossiliferous redbeds. Dinosaurs leave tracks
= 208 — —
= Triassic Deposition of coarse clastic sediments.
245
PERMIAN Final assembly of Pangaean supercontinent during the
086 Alleghanian orogeny, 275 1o 250 million years ago.
PENNSYLVANIAN Narragansett Basin and other coal basins form in Avalon lerrane.
320
MississiPrian Se0 Rapid uplift of Nashoba terrane
Continued sedimantation
Acadian mountain building event—Moerrimack, Nashoba, and
DeEvonNIAN Avalon microcontinents collide with Laurentia and its associated
= voleanic island chains. Collision produces extensive plutonism
—_— and dome uplift
C) 417 Rift plutonism and volcanism in Avalon terrane
N Initial stage of Acadian mountain building event.
o Sedimentary rocks deposited unconformably on Bronson Hill vol-
(18] SILUHIAN canic bell of Lauraentia.
- Edge of Avalon terrane sinks beneath Nashoba terrane in sub-
=T duction zone, generating more Burlington mylonite.
o Volecanic and plutonic activity begun in Ordovician time continues
443 to build Nashoba and Mearrimack terranes
Shelburne Falls and possibly Bronson Hill volcanic island chains,
ORDOVICIAN which formed along margin of Laurentia, collide with continent in
the Taconic mountain building event
Rifts open in Avalon and produce alkaline plutonic activity.
495 = Y
(o] Fossiliferous continental shelf sediments—Stockbridge marble
AMBRIAN and Cheshire quanzite—deposited on Laurentian margin
545 Trilobite-bearing sedimeants deposited on margins of Avalon
Avalon and associated microcontinents separate from Gondwana
E 550 million years ago
E Boston rift basin forms In Avalon about 570 million years ago.
om pHOTEROZOtC Major faulting and shearing along margin of Gondwana forms
= EON the Burlington mylonite. Magmas from the Avalon volcanic chain
= intruded the mylonite, forming the Dedham and Milford granites.
(& Rodinla supercontinent completely assembled by 750 million years
(78] aga, then breaks up, giving rise to Gondwana supercontinent
oc 2,500 — : —
» Grenvillian mountain building event affects Granville gneisses on
] ARCHEAN EON eastern margin of Laurentia, 1.2 to 1.1 billion years ago.




General Lithology Distribution in New England:

General Lithology:
[7] Basin Sedimentary
[ Calcpelite
I Carbonate Rocks
B Granite
[ ] Mafic Rocks
| Metamorphic Rocks, Undivided
Bl Unconsolidated Sed.
[ ] Water
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Geologic Provinces of New England:

Gealogic Pravinces,
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B Coastal Maine
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General MA Bedrock Geology

The Bedrock of Massachusetts

The Office of the Massachusetts State Geologist :
and the Depanment of Geosciences af U-Mas, Ambaerst s Rock as In
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(From OSMG website, 2010) Geosyntec®

consultants




MA Geologic Terranes

Laurentian terranes —»|l<e—— Gondwanan terranes
|

Taconic thrust sheet Deerfield
Basin

Pittsfield 2

-

Taconic

thrust

sheet Rowe-Hawley
belt

0 5 10 miles
TR T

Major terranes and belts of Massachusetts.
—Adapted from Rogers, 1985
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(Skehan, 2003)
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Cambridge Argillite (Little Brewster
Island) Boston

Civil Engineering Practice, Journal of the Boston Society of Civil
Engineers Section/ASCE, Volumes 26&27, 2011/2012 Geosyntec O
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oxbury Conglomerate (Pudding
Stone) — Eastern MA
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Cape Ann Granite — Eastern MA

(capeannmuseum.com, 2010) Geosyntec®

consultants




Nashoba Formatlon - Central MA
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Marble/Limestone — Western
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http://clui. org/ludb/sﬂe/lee marble quarry GeosyntecD
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Mesozoic Sandstone, CT River
Valle

(E.B. Keck, 1999) Geosyntec®
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Engineering Properties of Boston
Geologic Units

Description | Sat. Unit | Atterberg | Undrained | Allowable
Limits (%) | Shear Bearing
Strength Pressure
(kg/m2) (kg/m2)
Outwash M - f sand 19500-
Deposits with gravel 48800

Marine Stiff, silty 40-55 (LL) 3900-9760 14650-

Clay clay 15-30 (PI) 39000

Marine Soft - v soft 40-55 (LL) 1950-3900 4880-9760
Clay silty clay 15-30 (PI)

Glacial Till Dense silt & 15-30 (LL) 9760- 39000-
clay with 10-20 (Pl) 39000 98000
sand, gravel

Bedrock Cambridge 78000-
Arqillite 1950000

Bedrock Roxbury 1950000-
Conglom. 9750000

(JOhnSOn, 1989) consultants




Geologic Cross-Section —

MetroWest Tunnel Project
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Geologic Risk Factor Engineering

(Hager and Carnevale, undated. Geosyntec®
http://www.hagergeoscience.com/pdf_files/borehole_logging.pdf) consultants
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1. ASCE Student Chapter and AFE 14.533 Class

o New England Bedrock Geology Overview
o Bedrock Geology 101
o General Geologic Terranes in New England

o General Bedrock Types in New England

2. AFE 14.533 Class

o Rock Core Viewing

o New England Surficial Geology Overview

o Unconsolidated Material (Overburden) Types
o Typical Overburden Stratigraphic Sequences

o Examples of Applied Subsurface Evaluation
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Rock Coring

RQD = Rock Quality Designation

RQD = 2pieces >10cm x 100
Total Core run

RQD Rock mass quality
<25% very poor
25-50% poor

50-75% fair

75-90% good

90-100% excellent

Geosyntec®
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Glacial Geology of New England

= History
m Deposits and Landforms

m Typical Glacial Stratigraphy in New England

Geosyntec®
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New England- 300 MYA

Geosyntec®
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Full Glacial
Extent During
Pleistocene

80,000 to 13,000 Years
ago

Inferred
ice limit

2. The shaded area on this map represents the fullest extent of the ice sheets
of the Pleistocene Epoch. Directions of ice low are shown by heary arrows.
Cape Cod lies at the edge of the ice advance. (Based on data of Professor

Richard F. Flint-of Yale University.)
Strahler, 1966, Geologist’s View of Cape Cod

Geosyntec®
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Glacial Advance in New England
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C. 12,000 tﬂe:m's BP.—Small residual ice cap is all that

Figure 2. The eastern Laurentide flow regime at the 18,000 years B.P. glacial maximum. A single dome remains Of e ice Shegt in New En’gland- Hoﬁzontal
(labeled D) is postulated for the ice divide over Hudson Bay, and ice divide saddles (labeled S) separate

D) is posula ‘ saddle lines show lakes and marine transgressions between
Laurentide ice from ice over Newfoundland and Nova Scotia, where local ice divides are postulated, 1 4,000 and 1 2'000 yea"s BP

Geosyntec®
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= Modern example- Western Chugach
Mountains, Alaska = Geosynrec®




Glaclal Retreat — Maine

Figure 11. Composite model of 1ce retreat from coastal Maine.

Geosyntec®
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Glacial Ice Sheets Reduced to Valley Glaciers

- Geosyntec®
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Post Glacial Valle

Geosyntec®
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Types of Glacial Deposits/ Landforms

MORAINES (material pushed by glaciers)

END MORAINES - (unsorted and hummocky with ridges) deposited at end of glacier.
LATERAL MORAINES - (unsorted) Deposited at sides (laterals of glacier)

ICE-CONTRACT DEPOSITS (large variety)

TILLS - Basal or Lodgment Till (dense, unsorted, clay rich) deposited beneath ice

Ablation Till (less consolidated) material in and on glacier “let down” from melting ice
KAMES - (sorted to unsorted)deposited between ice-sheet and valley wall deltaic in nature
ESKERS - (stratified, with well rounded cobbles) sinuous or meandering ridge of sand and gravel

STRATIFIED DRIFT (alluvial material deposited from melting glaciers)

OUTWASH PLAINS - Alluvium form meltwater not in close proximity to glaciers. Coarser and less sorted near source.
LACUSTRINE DEPOSITS - Fine grained lake bottom deposits. Commonly silts and clays, sometimes varved.
GLACIAL MARINE SEDS - Clay rich marine deposits from wasting ice sheets near ocean front.

GLACIAL LANDFORMS

DRUMLINS - Streamlined ice-molded forms made of till

KETTLE HOLES - Basin of non-deposition due to remnant ice block buried

i Geosyntec®

consultants




Qutwash

plain
Ice Tunnel
block

Tunnel Delta

T R B Schematic of Glacial

Drumlins

Landforms/Deposits

Deranged

Interlobate
rT]Ura]nu C’Iéllﬂage
Qutwash Tarminal
Kettle | plain moraine
Ground Recessional ) _
t I maoraine noraine Lacustrine
Recessional (_ ' % ‘ Ea tiprd
moraine Terminal ske
moraine | L= ; Kettle

Drumlins

B.

lce front retreated

Geosyntec®
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http://www.polartrec.com/expeditions/drumlin-formation-in-iceland/journals/2013-06-14



End Moraines and

Outwash Plains

lllinois Terminal moraine

Mantucket ™o,
Islang S

0 30 Miles

Strahler, 1966, Geologist’'s View of Cape Cod

Geosyntec®
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End Moraine
Nepal

Geosyntec®
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lce Contact Deposits- Till

Modfied fram Thompson, W.B_, and BEM

Borns, HW., Jr., 1985, Surficial

geologic map of Maine: Maine B

Geological Survey, 1 sheet, scale

1:500,000. BR
]
CR
DS
E
EM

EXPLANATION

Buried and mormine (till)
Bedrock

Bedrock ridge

Delta (outwash deposits)
Drumlins (ki

Distributary streams

Esker (kce-contact depo sit)

End moraine (Gl

ke block

Ketthe

Marine deposits (clay and sil)
Marine limit

Outwash plain

Seawater

Tin

Fiqure 14. Most till was laid down directly by glacial ice, whereas maost other types of glacial depositional
features were formed by meltwater as the glaciers receded. As the glaciers melted and sea level rase,
lowland areas that had been depressed by the weight of the glacial ice were partly covered by the acean

Marine clay and silt were depasited in these lowland areas untl the land rebounded and the ocean receded

o YA ‘ t i IR AR s Fow s 11

Bedrock

Typical exposure of thin till overlying metamorphic bedrock in the Eastern and Western
Highlands. Exposure is in Deep River, Conn. Photograph by Janet Radway Stone

and others. 199:

Ablation
Till

Geosyntec®
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Drumlins You May Know

Large [ce-Row Forms
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Transverse Section

Kettle
swamp Quiwash
£ — e ]
Lacustrine tines

Bedrock

SOUTH NORTH

Head of older Qutwash or
ice-contact deposits terrace alluvium
(on valley side)
s}

-/ Lacustrine fines
— - - -
=77 7 7 | Collapsed older Becrock ice-coniact deposits

ice-contact deposils

Line of Transverse section

A. ALLUVIAL VALLEY

Sircam,seeps
or sorings
on stream banks

Siit and clay
Becrock anc hll

Bedrock and uill

B. LAKE OR MARINE-DOMINATED LOWLAND

Water table Maoramne

Pitted outwash plamn

Silt and clay

anc
Tl Sedrock

C. OUTWASH PLAIN

Figure 4. Idealized sections showing geometry of stratified drift.

Depositiona
Model for
Glacial
Deposits
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Proximal Stratified Drift (Deltaic) Deposits

Geosyntec®
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Kame Terrace,

Geosyntec®
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Pro-Glacial Lake Deposits

Valley lobe

——-,—VEBMONT _ \ NEW HAMPSHIRE
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glacial marine deposits
- u

10 miles

Massachusetts

(Skehan, 2001)

Major glacier lakes of Vermont and New Hampshire and marine submersion
of New Hampshire seacoast, Outlines are approximate, based on Stewart and

MacClintock. -
N f‘n.
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Van Diver, 1987
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Outwash Deposits

http://www.capecodbeachchair.com/beachquide/index.cfm?page=3&Beachld=
64

Geosyntec®
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Kettle Pond E
Formation

Strahler, 1966, Geologist’s View of Cape Cod

P DA RS 1 30 I

i nherions 2 7o e
e
g oo A

do i
Pl ey ol

' : 4R
Glacial Erratics P

=T =
.aﬁ:':e" '.-I-I.-_'\---

Geosyn

tec®

consultants




Southern New England Glacial Map

Ice-contact
deposits

Lake
deposits

- o
e
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New England Cross-Sections

SOUTHEAST , NORTHWEST

Outwash plain|Moraing

MASSACHUSETTS

Dashed line reprasents
elevation of Lake Hitchcock

378 FEET

MASSACHUSETTS
NEW HAMPSHIRE |

Sand, coarse 1o
vary coarse

MASSAUHUSETTS

EXPLANATION
Sand, madium
0 CoArse
Windblown sand
Swamp deposits
Alluvium
A
Terrace alluvium of tributary
Terrace alluvium of Connecticut River ¢ Surficial aquifers, Facies 3
SOUTH
Delta—Dey 2 Hitche tributary FEET
when ice wa seni along 21N 1

Lake-bottom fine sand, silt, and clay Facles 2
Kame-terrace deposits ¢ Facles 1

Till

—Generalized section across the Connecticut River valley. Line of section nearly coincides with northern border AR 3 Fine to very a3 2
of Massachusetts, (Modified from Campbell and Hartshorn, 1980,) | fnasanc v e i

Bedruck i 1,000 VETEES
EXPLANATION
Fine to coarse sand and oo Hoee o Perched water table
{or) grave )
Regivnal water table

Musily very fine sand, silt. i :
and [or) clay - contaci—_J

ned interval

B. Section south of moraine In the wwns of Sandwich and Falmouth, Mass, (From LeBlane and others, 1986, sheet 1)

URE 42 —Geologic sections in sh plains in southeastern Massachus

Geosyntec®
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Boston Glacial Cross-Section

Beacon Hill NORTH

till slide : ,_.____\,:— direction of ice movement GHARLES RIVER
SRS PARK

CHARLES RIVER orflow ___£5%s"¢5
COMMON ’
GARAGE

TS o N S R DEVELOPMENT

bedrock -, ‘

elevation in feet

Pemberton Hill
(top remo_ved in 1835)
OLD GRANARY <EM — F] sand, gravel, and clay layg
BURIAL gon 3 pres t surtace
o| il layer

°| bedrock layer

— L“\*:_—?- Sy r.‘

n!

. -*'7—-””’/ " Ny '\\
/72 _bedrock ~ N

O:2 014 mile

J

Simplified geological cross sections through Beacon Hill and Pemberton Hill show
complex repetition of till, sand, and gravel layers produced by southward thrust-
ing of glacial ice. —Modified after Kaye, 1976

(Skehan, 2001
Geosyntec®
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Surfil Geologic Maps
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1. ASCE Student Chapter and AFE 14.533 Class
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o General Geologic Terranes in New England

o General Bedrock Types in New England

2. AFE 14.533 Class

o Rock Core Viewing

o New England Surficial Geology Overview

o Unconsolidated Material (Overburden) Types
o Typical Overburden Stratigraphic Sequences

o Examples of Applied Subsurface Evaluation
- Geosyntec®
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More Direct Push-Saoill
Sampling
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Sonic Drilling — Sample Recovery
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Soil Sampling

Split Spoon
Sampler
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Glacial Stratigraphy — Concord, MA

GZA GEDENVIRONMENTAL, INC. Boring Mo, GIu-8-2
Engineers/Scientists Wuclear Metals, Inc.
Page 2 of 4
320 Heedham Street . L —
"E'{fv“"ogg”ﬁﬁssms' Massachusetts 02164 Concord, Massachusetts File No. 7875.20 Bori
{ ¥ ¥ P — 1 oring Mo. GIW-8-2 Bori No. GIW-8-
Chkd. By: Wuclear Metals, Inc. Page y T jclear Metals, Inc. 5 B ———._2 B2
: = o age &
o lcs sanple Information Sample stratum R | Equipment Installed - —_ Wrept ob b
P lsL - s s S M Concord, Massachusetis File No. 7875.20 lncard, Massachuserts e File No, 7875.20
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— ]
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COARSE = =8
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SILT \
7 Flint Shot
7 % pathered, 13-117
\ = fprediom ?rnned.
* prez-sile
$-11{ 26/11| 48-50 | 13-8 0 Hedium dense, gray, CLATEY SILT and \ P cross-cutting 1-1/2  ~
(<) fine SAMD, Litile(-) Gravel. N BarCad
14-33 CTILLy \ htly weathered, 116.5-116*
50 - \ redium grained.
: prez-silt
\ , fine to medium h cross-cutting
§ & Gravel. (TILL) P and
Grout, 3
N Sand, -
&, § Bentonite d
§-12 | 26717 53-55 | 54-53 1] Damp, wvery dense, gray, fine SAND and \ 0-101° —
GRA EL. trace(+) Silt. (TILL) SANDY pathered, 1
S5&-40 ABLATIO% Grout, redium grained
55 Tt \ s:ma‘_“-“ prez-sile ¥
\ fine to medium 0-101" [ croxg-cutking BEDROCK '
N E RO
5-13 | 24/8 | 5B-60 | 52-18 ] “’"B very dense, gray, fine SAND and \ . -
GRAVEL, trace(+)'Silt.  (T101) \ fatherea,
" 25-30 \ jpediun grained. § Filter
% o b, prez-sale s::r# 1355
; h cross-cutting o i
128.5-
% soft schistosic .
S-146 0 11 | &3-63.1) 110/ 0 Black, white, green, rock FRAGHENTS % BASAL
GHE(SE. (B0ULDERS) N TILL moderately e
R 7 hded, less =
3. At approximately 44.5 very hard. Rollerbit ahead of casing to 48, very hard &4.5-47 fect. Cannot dark gray, SILT 5 p degrees,
® get 4-inch casing past 45.5. MHave to install 3-inch casing with diamond spin shoe to 4B feer. Using ) ,w,z,d toarse fs-cut joints. i %
e gntable H2D. Mot recirculating, fpact gray, massive.
m & ollerbit ahead to 53 feet. Spinning casing to 53'. Spinning casing to 53'. @roke off 3-inch casing . prely hard,
a at 49°: -5 off bottom. Used 3-inch casing retriever on 9/8 morning to pull 3-inch caing left in y till; boulder 77.5' to 78.5°. ered with
r boring. Three-inch shoe also broken. Replace - back in boring. s le. ko 60
: oe worn. Orive casing 93 to 98‘; went down bath pyrite
i
- - ! 3.
Stratification lines represent approximate boundaries between soil types, transitions :
readings have been made at times and under conditions stated. Fluctuations of groeun
other than those present at the time measurements were made, o
" — es, transitions May DE gracudi. Yate-
10ns 0 gTOUNCAAtor Ay CEZ.t Jue to ¢
Io!her than those present at the time measurements were made.
tra;.ﬁ-tians myy TH gra
of grounzwate” ~Av &

other than those present at the time measurements were made.




Glacial Stratigraphy — Concord, MA (2)
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Glacial Stratigraphy — Glastonbury, CT

Bedrock

NOTES:

Bedrock

S= SAmM
t= Ll
Ss = Sanp ‘ﬂmﬂ_
Fo = Fine SM/C,.&.)/

1) THE STRATIFICATION UNES ARE BASED UPON INTERPOLATIONS BETWEEN WADELY
SPACED BORINGS AND THUS REPRESENT THE APPROXIMATE BOUNDARIES BETWEEN

TR AMe WAY VARY FROM THOSE SHOWM.

Bedrock
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Glacial Stratigraphy — Everett
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Glacial Stratigraphy- Cape Cod, the Mass Military Reservation
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ELEVATION, FEET (N.G.V.D.)
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NOTES:
1) SEE FIGURE 4 FOR MOTES,
2) SEE FIGURE 3 FOR LEGEND AND SOIL DESCRIPT

Glacial
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Glacial Stratigraphy - Maine
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Subaerial outwash
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Glacial Stratigraphy — Midwest Schematic

-

» Surficial unconfined aquifers
r.'.'tumush
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Figure 4.3 Schematic diagram of #uifer occurrence in the glaciated regions
of the Midwest and Giom Plains physiographic provinces.

Geosyntec®

consultants




Central Artery Stratigraphy

From MDPW {1992)
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Boston Blue Clay

CANR STATION 1M FEFT

= Dense cohesive till
= Very dense cohesive till
Granular till
Glaciomarine deposit
Very stiff clay
Stiff clay

B1= Completely to severely weathered
Cambridge Argillite

By = Severely to moderately weathered
Cambridge Argillite

B3 = Moderately to unweathered
Cambridge Argillite

ELEVATION IN FEET (PROJECT DATUM)

C3 = Medium stiff clay

C4 = Hard clay

O = Organic silt & sand

F = Fill

Traversing lines = base of Central Artery
Tunnels
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Boston- The Central Artery

RECHARGE - (2 INCHES PER YEARD
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Clay/0Organics

5 x 106 cm/sec

S0 ft
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TILL-1 TILL-2 -1 or TU-2 to
OR TILL-3 5 x 10° cm/se0 : 100 ft
Ti-3
ax1073 cn/sec>
BEDROCK :
Bl, B2 T 10-20 ft
S x 10 *cm/sec)
BEDROCK to 10-20 ft
Bl, B2, B3 (5 x 105 cm/sec) :
BEDROCK ’ 50-100 f+t

CENTRAL ARTERY GW MODEL SCHEMATIC

ELEVATION IN FEET (CENTRAL ARTERY DATUM)
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Boston- Central Artery Dewatering
Model Results

MODEL RESULTS: CROSS—SECTION
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Hydraulic Conductivity Ranges

IGNEQUS AND METAMORPHIC ROCKS

Unfroctured Froclured
BASALT

Unfroctured Froclured Lava llow
SANDSTONE

Froctured Semiconsolidoted

SHALE

Unfroctured Fraclured
CARBONATE ROCKS

Fractured Cavernous
" SILT, LOESS

SILTY SAND

CLEAN GSAND

Fine Coarse

GLACIAL TILL GRAVEL

19 gt WY Wt o
md-'

1 | 1

0" 107 107!
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Engineering Characteristics of Glacial Deposits

Characteristic Lodgement (Basal) Ti1 Ablation Ti11 Qutwash

Particle S1ze Gradation Well-graded; Moderately well-graded Gap-graded/poorly
very heterogenedus heterogensous sortéd semi-homogeneous

Presence of Boulders Many, 1nﬁlgd1ng erratics Fewer, including erratic Few to nil
Percent (-)200 Sieve 20-60 0-15 0-10
Parcent (=) 0.02 mm 5=30 0=10 D=5

Effect of Fines Gaverns enginesring Hegligible N1l
properties

Relative Density SLifF = hard Loose - moderately Loose - moderately
compact compact

Dry Unit Weight {lg!ﬂj} 1.8-2.1 1.7-1.9 1.6-1.9
Particle Shape Angular-subangular Subanguar-subrounded Subangular-rounded
Liguid Limit 15-30 Non-plastic Non-plastic
Plasticity Index 0-20 Hon-plastic Non-plastic

SPT Hange (N values) 20-200+ 10-50+ D=-20+
Cohesion (KN/mZ) 0-25 ={ : =0

Friction Angle (9} 15-33 30-40 £5-45

Consolidation Ratio Owerconsol idated kormal to Hormal to
underconsolidated underconso) idated

Permeability [in-situ) 10°5 to 1079 10-3 to 105 102 to 10-5
{em/sec
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