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Stage 2 Overview
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Scope of Work

ÅTBM excavation of ~25,000 linear feet of hard 

rock tunnel to 23õ 2ó diameter at depths of ~750õ



Excessive Fines



Blocky Ground

Short Stand-up Times



Anticipated vs. Actual 

Penetration Rate

5.82 ft/hr

9.47 ft/hr
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Hartland is Micaceous, Well Foliated and Well Layered



Queens Tunnel

Brooklyn Tunnel

23B 22B

21B

20B

19B

18B

17B

16B

Cameronõs
Line

Hartland 

Fordham

X



Merguerian, 2002



Entire Tunnel Mapped at Scale 1 in. = 10 ft.  (250 Map Sheets)

Queens Tunnel Mapping Program:  1998-2000





Granulite òGreenó Coloration

Granulites have a subtle, distinctive color and appearance 
familiar to field geologists who have mapped granulites in 
Canada, Africa, Europe, and elsewhere. 

According to Hyndman (1972): ñQuartzofeldspathic 
pyroxene-bearing gneisses are common in the granulite 
facies, greasy to waxy looking and are medium grayish-
green to brown in color because of the color of the 
plagioclaseò.

Many Queens Tunnel rocks show this characteristic; it 
reflects the substantial retention of their early granulite-
facies feldspar.



Comparative Lithologic Analysis
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GeochemicalInvestigations

¸ Major elements, trace elements, rare earth elements (REE)

Fig. B5 - Contrasting Geochemical Traits: 

i. Fordham vs "Hartland I" and Related Mafic to Mesocratic Rocks
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Fordham Gneiss

òHartland Ió and Related Rocks



1.0 Ga U/Pb Geochronologic Analysis

Age Dating Verified

 Fordham vs. Hartland

Station 9+45

Station 68+15

Queens Tunnel Complex



Density Analysis
Density Queens Tunnel (Mean = 2.87 g/cm

3
)
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Density Analysis
Mean

Low High Density

Granite 2.516 2.809 2.667

Diorite 2.721 2.960 2.839

Gabbro 2.850 3.120 2.976

QT Mean = 2.87 (Dioritic Rock Mass)

From: Clark (1966, p. 20)



Unexpected High Garnet Content

Increased Density and Abrasivity of Rock Mass



Unexpected High Garnet Content

ÅThe boring logs cite the term 
garnetiferous throughout.  To 
most geologists, ògarnetiferousó 
rocks contain a few % garnet.

ÅThirty two Queens Tunnel Garnet 
Zones mapped.  They underlie 
2,663õ or 10.64% of as-built tunnel.

ÅThe Queens Tunnel rocks contain 
up to 50% garnet.

ÅThe Queens Tunnel Garnet 
Concentrations would be called 
òore depositsó in many parts of the 
world.

ÅResults in abrasivity to cutters 
and production of excessive fines.



ÅPetrographic Analysis (92 Samples)

ðTexture

ðMineralogy

ðInternal Structure

ðMetamorphism

Number LocationColorDensityQtz Kspar Plagio/ An Opx Cpx Hbld Bio Garnet Opaque

Q109 004+80 M 35 M M

Q109 004+80 25 2.72M M 35 m m m

Q110 006+42 10 2.66M tr+AP M m gnbk tr tr

Q111 009+25 25 2.79M M m tr m M py  encl Q tr

Q112 011+60 35 3.05m M 51 M  exsol m gnkh M py

Q114 015+90 45 3.03m M 53-39normM someExsolM Exsol mgnkh m necklace tr

Q115 017+70 10 2.71M tr AP M m bugn sieve m rbn m porange tr

Q117a 022+25 15 2.72M tr m 27 m dgygn m rbn m porange sievetr

Q119 026+65 45 2.93m 10-15m M 27 M khgn tr rdbn m m

Q123 032+15 60 3.11m m 44 m m gnHB m rbn M sieve tr

Q127 042+67 60 3.09m M tr M M gnkh m red M m

Q129 049+95 25 2.71M M M low M kh M

Q130 051+83 15 2.76 40 tr M m obn M.vermic/sieve rimstr

Q133 059+95 55 3.26m M 38-29 M Mkhtan m M m

Q134 062+45 60 3.17m M 28-40RevZoningM M bugn some vermic w i QtzM fine sieve/vermic10  vermic ??after px

068+10 068+10 5:50 M M 55 m M m  gn m vermic with plagm

070+60 070+60 45 M M 45+ ? core? m.  Gn m M m

Q141 071+80 30 2.9 5 M sieve M sieve tr gn M okh M sieve 2

Petrographic Data Sheet

Thin section photomicrograph



Early High-Pressure Granulite-Facies Metamorphism
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Produced during initial (M1) high-grade metamorphism

of Queens Tunnel Plutonic Complex

Coarse- grained and inclusion free with orangey cast

Intergrown with clino- and orthopyroxenes

Early M1 Garnet

Secondary M2 Garnet

Finer- grained  and pale-pink in color

Poikiloblastic habit with abundant inclusions

Forms symplectic rims  around plagioclase and pyroxene
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Granulites Survive Amphibolite Grade Retrogression



Secondary (M2) Metamorphism

Reactions produce hydrated mineral assemblages

resulting in growth of hornblende, cummingtonite, 

biotite, and recrystallized garnet

Sample Retrograde Reactions

opx + cpx + plag = hbl + garnet

opx + quartz = cummingtonite

garnet + opx + plag = hbl + quartz

K-spar + opx = biotite + quartz

The Queens Tunnel Complex



Early Granulites Survived Complex Metamorphism

Created òToughó, Anhydrous Rock Mass



Hartland vs. Fordham Rock Fabric
ÅMicaceous (+/- hornblende) penetrative foliation 

anticipated

ðBased on boring logs, pre-bid reports

ÅWeakly to non-foliated ògranoblasticó rock mass found

Typical Hartland Typical Fordham



Orientation of Rock Layering
NE strike and moderate 57 degree dip anticipated

ð[Based on borings, Chesman, Tarkoy]

Highly variable trends found

ðExtended reaches of tunnel exhibit gentle dips

Only one boring (QTL-12) exhibited gentle dips at tunnel 

horizon



Fallout from Reclined Folds and Flat Layering

F2 Fold



Brittle Faults
ðHundreds of faults mapped in five major groups

ðFrom oldest to youngest:

Group A = NW strike and gentle SW dip

Group B = ENE strike and steep dips

Group C = Subhorizontal fractures, faults, and shears

Group D = NNE-trending fault system (hitherto 

unknown)

Group E = NNW-trending òManhattanvilleó fault system



8õ Gouge

NW-Trending Fault Cut by NNE Fault

Queens Tunnel Sta. 214+25



Queens Tunnel Sta.  196+85

Gently Dipping NW-Trending Fault



Fallout from Intersecting Joints and Layering



Disturbed Ground

Å125 Disturbed Ground Zones identified

totaling 9,650 ft of as-built tunnel

Å ~38% of Queens Tunnel



Stage 2, City Tunnel 3

Dikes



Five Laterally Extensive Dikes
                                                                                                        Exposed  Thick-

      Stationing        Orientation  Length     ness        Brief Comments

  1     109+20 - 109+52   N65ÁW, 57ÁNE      32'   12' cuts N58̄ E, 83̄ NW normal fault

  2     117+58 - 118+24   ? - RW Only          66'  >8' cuts N52̄ E, 76̄ NW normal fault 

        and shear zone

  3     128+70 - 129+21   ? - LW Only         51ó                  7' cuts D3 shear zone

         129+53 - 130+41   N48ÁW, 78ÁSW     88'   11' cuts N20̄ E, 10̄ NW thrusts and

        older F3 fold

  4     131+70 - 132+42   ? - LW Only         72ó    6' cuts N30̄ W, 23̄ SW thrust fault 

         132+40 - 132+56   ? - RW Only        16ó                3' thin selvage cuts thrust fault and

        shear zone

         132+58 - 133+62    N61ÁW, 81ÁNE   104'  5'-10' cuts N44̄ E, 83̄ SE reverse shear

        zone; fractured

  5     149+93 - 151+36    N52ÁW, 90Á         143ó    16' cut by N20̄ E, 70̄ NW normal

        fault; clay-rich gouge 

         151+45 - 152+40    N40ÁW, 83ÁSW    95ó   14' cut by N18̄ E, 70̄ NW normal

        fault; clay-rich gouge



Dike 1




