
Evaluating Geological Controls on 

Hard Rock Excavation, New York 

City, NY

Charles Merguerian

American Society of Civil Engineers

08 May 2008





Paleo-equator

Paleo-shoreline

after Kay, 1951





~ 450 Ma Taconic Arc – Passive Margin Collision



450 Ma to 250 Ma

Protracted Plate Collisions

Form the Appalachians





Proper Field Attire

For NYC

Merguerian Has Spent

Most of his Career

Mapping the Surface

and Subsurface

Geology of NYC



Merguerian, 2001

New York City



Fordham Gneiss, Echo Park



F3 Fold in Inwood Marble, Morris Garvey Park



N631 – Warren Street (Ow)



Walloomsac “Balmville” Contact, Grand Concourse, Bronx, NY



N622 – Warren Street (Ow)



Manhattan Schist

F3 Folds of S2

Central Park, NYC



N217 – S of GWB Approach



Hartland Schist, Riverside Park



N629 – Warren Street (C-Oh)



N624 – Warren Street (C-Oh)



Hartland Amphibolite N567



Merguerian, 2001

New York City



Manhattan Transect North-South



Can Geologic Studies Help

Predict Excavation Destiny?



Pre-Bid Analysis Should Include:



• Published Maps and Reports

• Boring Analysis

 Fractures

 Rock Types

 Rock Fabrics

 Density Studies

 Petrographic Studies

• Rock Fabric Studies

 Mineralogy and Texture

 Structure

 Orientation

 Metamorphism



What Are the Geological Controls on

Effective Hard Rock TBM

Tunneling in Crystalline Terrains?

Excessive Fines

Blocky Ground

Unstable Headings and Sidewalls

Low Penetration Rates



Excessive Fines



Blocky Ground



Desirable Kerf

Pattern in Hard Rocks



Collapsed Crown and Sidewalls

Station 153+30
Short Stand-up Times



Unforseen

Tunneling

 Problems



Anticipated vs. Actual 

Penetration Rate

5.82 ft/hr

9.47 ft/hr
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Merguerian’s Queens

Tunnel Field Office



Comparative Lithologic Analysis

49.0%

10.6%

58.9%

5.1%
2.2% 2.6%

39.8%

0.6% 0.0% 0.0%

27.3%

3.9%

0.0%

10.0%

20.0%

30.0%

40.0%

50.0%

60.0%

70.0%

Granitic Gneiss Pegmatite Mafic to Meso

Gneiss/Schist

Amphibolite Mafic Dikes Rhyodacite

%
 o

f 
R

o
c

k
 T

y
p

e

Alignment Borings

Queens Tunnel Complex



Density AnalysisDensity Queens Tunnel (Mean = 2.87 g/cm
3
)
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High Garnet Content

Increased Density and Abrasivity of Rock Mass



Unexpected High Garnet Content

•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-built tunnel

•The Queens Tunnel rocks contain 
up to 50% 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



Early High-Pressure Granulite-Facies Metamorphism



Granulite Facies Gneisses

Found in the Queens Tunnel

and Elsewhere With

Granoblastic Textures =

Tough Rocks for Excavation!



What Are the Geological Controls on

Effective Hard Rock Removal

By Mechanical Means

in Crystalline Terrains?



Berkey, 1911



SE Manhattan

after Berkey, 1911 and 1933CT 1



Five Localities

South of

Canal Street

Display

Sheared

Manhattan,

Hartland, and

Walloomsac

Rocks!

after Baskerville 1994,

Merguerian and Moss 2007



Interpretive

Geologic Map of

SE Manhattan,

Brooklyn,

and Queens

Based on Borings

of Berkey (1910)

Merguerian, 1984



Merguerian, 1984

Interpretive NW-SE

Geologic Section Based 

on Berkey 1910 Boring Data



Merguerian, 1984  (2006)

Interpretive NW-SE

Geologic Section Based 

on Berkey 1910 Boring Data

X

Add Slivers or Layer

of Walloomsac!



In Western and Central

Manhattan:

Amphibolite Facies Schists

Well-layered Hartland Fm. 

Penetrative Foliated Textures

Great Rocks for Tunneling

and Excavation!



Southern Manhattan



Southern Manhattan



N701A

Very Low Mica Content



N752

Low Mica Content

16%

Granofels

Interlocking Texture is

“Knitted” by Micas

Stretched Garnet and

Discontinuous Folia

= Polymetamorphism



N753

Low Mica Content

22%

Folded

Migmatite Gneiss

Interlocking Texture is

“Knitted” by Micas Grown

at Many Angles

Discontinuous Foliation

= Polymetamorphism



N755

Low Mica Content

31%

Migmatite Gneiss

Coarse Micas

Discontinuous Folia



Mica Content of Rock Fabric
Micaceous (+/- hornblende) penetrative foliation

vs. non-foliated “granoblastic” rock mass

Foliated = Schist Non-Foliated = Gneiss



Structural Fabrics



N701C

Southern Manhattan



N701C



N701C



N701E



N701E

B



N701ED



N701E

Low Mica Content

<50%

Structurally Folded

Multi-directional Fabric

Interlocking Texture is

“Knitted” by Micas

Polymetamorphism



N641

Southern Manhattan

 Hartland Gneiss

and Granofels Unit

Low Mica Content (26%) +

Granoblastic Textures +

Interlocking Minerals +

Discontinuous Fabric +

Variable Orientation =

Poor Excavation Rates



HERRENKNECHT TBM 

ADVERTISEMENT



What’s That 

Noise?

Download NYC Geology Publications @
www.hofstra.edu

www.dukelabs.com
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