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Long Island's Glacial Moraines
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Long Island Outwash Fans

—
Pre Cretaceous
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after Merguerian and Sanders 1993
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SE Glacial Grooves
Gentral Park, NYC
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Glacial Lake
Strata
and the
Harhor Hill
Moraine

Post-
Woodfordian
Drainage
Through
The Narrows

Berkey (1933)

74. 3 0’ 74_'
T T T T
EXPLANATION "
Glacial N Havers roton
lake

beds e

Route of
excursion

I/;'l
il /
)

Morristown

\a

Montclair

¢

€

Newark@

Tarry.
’ town
"

T
Aastings

)
6
{ ‘Yonls s\




|G

==t

Stockton

Two Tills and
Varved Lake Strata
c Cut hy Channels

0
tu

4

5 PR Y Holocene
S $ : ’ & s ‘ Sllt
. Serpentinite s , \

b I Hartland

\

tl ~?
R
QT Complex




Na Rhgﬂaré
3

iy
¥

Hudson
Abandons
Former
hannels -
Floods
Through
Narrows

Stadem Gt
! = 1 o
=~ b Ashamd '_'_‘ "3,.'_ Nation 3zl
: ; Recreation) #rea




-

/ Omm

.,
Hartland Formation and
Manhattan Schist
(upper unit)

g

Manhattan Schist
(middle unit)

i

Manhattan Schist
(lower unit)

0-€i

Inwood Marble

. HE

Fordham

g o

Yonkers Gneiss

Long Island Soun.

after Merguerian, 1983




F, Folds of S,
Manhattan Schist
Central Park NYC




/
/ ) ¢
y - » - & L s e
¥ ! / o
“ S\
y
. )
- X @ &
. vV .

RS

59 St
Mapped by

C. Merguerian

1980-83




Cameron’s Line
in Central Park

2004

PRELIMINARY GEOLOGICAL MAP
OF CENTRAL PARK, NYC
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EARLY MeDIAL ORDOVICIAN
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Taconic Arc - Passive Margin Gollision
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Con Edison Steam Tunnel
IRT #7 Line Extension

- Second Avenue Subway & i i < B
East Side Access (e G
NYC Water Tunnel #3 %

East Rrver: 83 feet
deep below the

Brooklyn Bridge
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TBM at Con Ed
Tunnel

30 Street
and 15t Avenue
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East Side Access Project Plans

Diverge
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onstruction Will Take Place

West Cavern

East-West passage
connecting caverns

East Cavern

Existing GCT

Smoke exhaust
return duct

Supply alr

Upper platform
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Smoke exhaust
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Upper Platform
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CT3, Stage2
Manhattan
Water
Tunnel

e 10 0ct 2002
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Manhattan Tunnel TBM
Rebuilt Robhins HP 215-257 hard rock machine

(used first on Gon Ed Utility Tunnel on 15! Avenue)
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What Are the Geological Gontrols on
Effective Hard Rock TBM
Tunneling in Crystalline Terrains?

Low Penetration Rates
Excessive Fines
Blocky Ground
Unstahle Headings and Sidewalls



Low Penetration Rates

=04, CUTTER
FOQTENS #5-3420

TYPICAL CUTTER
POSITIONS #:21-4:42
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TYPCAL CUTTER PORITONS
£18 43 #2804
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Desirahle Kerf
Pattern in Hard Rocks
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l!ueens Tunnel Problems - A Case History
W’\ P e =¥
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Avg. TBM Penetration Rate (ft/hr)
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- Published Maps and Reports
- Boring Analysis
Fractures

[ensnv Studies
Petrographic Studies

“Rock Fahric'Studies

. Mineralogy
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Gomparative Lithologic Analysis

0
100% [ Alignment Borings
60.0% 38.9% B Queens Tunnel Complex
50.0%
S 40.0% -
g
5 30.0% -
20.0% -
10.0% -
o 2.2% 28%
0.0% - 00% oo 00opmy

Granitic Gneiss ~ Pegmatite ~~ Mafic to Meso  Amphibolite Mafic Dikes Rhyodacite
Gneiss/Schist



The Queens Tunnel Complex

|. Garnet-Clinopyroxene-Plagioclase Rocks
+/- Hornbiende, Quartz, K-feldspar

Il. Leuco- to Mesocratic Gneiss

Leucocratic (0%-39% mafic mineral content),
Mesocratic [33%-63% mafic mineral content), and
Melanocratic (63%-90% mafic mineral content)
gneiss form the hulk of the Queens Tunnel Gomplex



Density Queens Tunnel (Mean = 2.87 g/cm®)
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- Petrographic Analysis (92 Samples)
- Texture
- Mineralogy
— Internal Structure
- Metamorphism

Number ' Location  Color DensiffQtz |Kspar Plagio/ An Opx Cpx Hbld Bio Garnet Opaque
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Micaceous (+/- hornbiende) penetrative foliation
us. non-foliated “granoblastic” rock mass
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In Western Manhattan:
Amphibolite Facies Schists
Well-layered Hartland Fm.
Foliated Textures




Orientation of Rock laverlng

NE strike and moderate 37° dip anticipated
- [Based on borings, Ghesman, Tarkoy]

Highly variable trends found S
— Extended reaches of tunnel exhibited gentle dips

Only one horing (QTL-12] exhibited gentle dips at tunnel
horizon

| | NE Leg NW Leg
Gentle Dips 17/93  18%  44/139  32%
Moderate Dips 34/93  37%  28/139  20%

Steep Dips 42/93 45%  67/139 48%
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