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~ 430 Ma Taconic Arc - Passive Margin Gollision




430 Ma to 250 Ma
Protracted Plate Gollisions
Form the Appalachians
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Merguerian Has Spent
Most of his Career
Manping the Surface
and Suhsurface
Geology of NYC

Proper Field Attire
For NYC
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Manhattan Schist

F, Folds of S,
Central Park, NYC
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SCan Geologic Studies Help
' vation Destiny?
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 Published Maps and Reports
- Boring Analysis
Fractures -
Rock Types
. Rock Fabrics
‘Density Studies
Petrographic Studies
o Rock Fahric.Studies
Mineralogy and Texture
~Structure ‘
Orientation
Metamornmsm




What Are the Geological Gontrols on
Effective Hard Rock TBM
Tunneling in Crystalline Terrains?

EXcessive Fines
Blocky Groundl
Unstable Headings and Sidewalls
Low Penetration Rates
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Avg. TBM Penetration Rate (ft/hr)
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Gomparative Lithologic Analysis
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Density Queens Tunnel (Mean = 2.87 g/cm®)
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The boring logs cite the term
garnetiferous throughout. To
most geologists, “garnetiferous”
rocks contain a few % garnet

Thirty two Queens Tunnel Garnet
Zones mapped. They underlie
2,663’ or 10.64% of as-huilt tunnel

The Queens Tunnel rocks contain
up to 30% garnet

The Queens Tunnel Garnet
Concentrations would be called
“ore deposits” in many parts of the
world

Results in abrasivity to cutters
and production of excessive fines
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Granulite Facies Gneisses
Found in the Queens Tunnel
and Eisewhere With
Granoblastic Textures =
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-
) ‘
==
\
“
A
44
4
/1.
o7
7/
(1T
= 211! ki
Ay % |
7 [ /805250, )
4Ly \o
2 43/
s/ - -
A LY/
(/
(
D

L )
79 on Berkey 1910 Boring Data

Merguerian, 1984



Interpretive NWW-SE
Geologic Section Based
on Berkey 1910 Boring Data

Merguerian, 1534 (2006)
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Low Mica Content
6%

nterlocking Texture is
“Knitted” hy Micas

stretched Garnet and
Discontinuous Folia
= Polymetamorphism

N792




Low Mica Content
2%

Interlocking Texture is
“Knitted” hy Micas Grown
at Many Angles

N793




Low Mica Content
1%

N199




Micaceous (+/- hornbiende) penetrative foliation
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structural Fabrics

Flow direction

Flow direction
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Low Mica GContent
<30%

structurally Folded
Multi-directional Fabric

Interlocking Texture is
“Knitted” hy Micas

Polymetamorphism

NIO1E




Low Mica Gontent [26%) +
Granoblastic Textures +
Interlocking Minerals +
Discontinuous Fabric +

Variable Orientation =




Geology

HERRENKNECHT TBM
ADVERTISEMENT

_Rock Does Not

Geology

Equal Rock

At Herrenknecht, maximum tunnelling performance and the

greatest possible safety are the ultimate goals for the

development of tunnelling machines. Expert analysis of the

geological conditions result in a “tailored hard rock machine”.

Whether it is solid rock, abrasive rock or rock
under high pressure, weathered transition
20nes with high ground water pressure or ca-
verns, the variety of the geological conditions
in a planned tunnel route is virtually unlimi-

ted. At Herrenknecht, the geological analysis

All Experts On One Team

The excavation process in hard rock takes
place in the peak state of the shear and com-
pression resistance as well as tensile strengths
of the rock. At the same time, the best possi-

ble tunnelling performance has to be achieved,

of the ground conditions is always taken into
consideration in the machine design. Cutters
and cutterhead are ideally adapted to the va-
tying degrees of hardness and abrasion in se-

dimentary, metamorphic of igneous rock

At Herrenknecht, a team of internal specialists
from the disciplines of rock mechanics, me-
chanical engineering and process technology
find the optimum project solution for develo-

ping the machine design.

Mechanical rock excovation is con-
fronted by rock with vorying degrees
of hordness, e.9. with extremely hard
gneiss (top left] and gronite (top right),
medium hard mica schist (center left),
breccia (center right) and claystone
(bottom left] os wc:ﬂ as limestone
(bottom right).

The formation of each mountain range
is unigue. Lotschberg in Switzerland con-
sists of o wide variety of rock formations
along the tunnel route, Herrenknecht
supplied two single gripper machines

(0 9.43 m), which enable mechanicol
rock stabilization as close as 4.2 m
behind the cutterheod.
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