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Avg. TBM Penetration Rate (ft/hr)
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Enti're Tunnel I\/Iapped at Scale 1 in. = 10 ft. (250 I\/Iap Sheets)






Granuli1 te 0Gr e

Granulites have a subtle, distinctive color and appeatr:
familiar to field geologists who have mapped granulite
Canada, Africa, Europe, and elsewhere.

According to Hyndman (19 2 Qu ar t zof el d
pyroxenebearing gneisses are common in the granulits
facies, greasy to waxy looking and are medium grayis
green to brown in color because of the color of the

pl agiocl aseo

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



% of Rock Type

Comparative Lithologic Analysis

0
70.0% O Alignment Borings
58.9% B Queens Tunnel Complex

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



Geochemicalnvestigations

Major elements, trace elements, rare earth elements (REE)
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(La/Nb)mn

Fig. B5 - Contrasting Geochemical Traits:

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

@® "'Hartland 1" & Related Rocks

B Mafic to Mesocratic Gneisses
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1.0 Ga U/Pb Geochronologic Analysi:

SS-3044

single zircon analyses
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Density Queens Tunnel (Mean = 2.87 g/lcm °)
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Density Analysis

Mean
Low Density

Granite 2.516 2.809 2.067
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)
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AThe boring logs cite the term
garnetiferous throughout. To
most geol ogi st
rocks contain a few % garnet.

Arhirty two Queens Tunnel Garn(
Zones mapped. They underlie
2, 6630 o0r-bulltunnél4s

Arhe Queens Tunnel rocks conta "
up to 50% garnet.

AThe Queens Tunnel Garnet

Concentrations would be caIIed
oore depositso
world.
MResults in abrasivity to cutters - ~
and production of excessive fines_




A Petrographic Analysis (92 Samples)
d Texture
d Mineralogy
d Internal Structure
0 Metamorphism

Number LocationCoIc'DensJiQtz Kspar

Q109
Q109
Q110
Q111
Q112
Q114
Q115
Ql17a
Q119
Q123
Q127
Q129
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Q133
Q134
068+10
070+60
Q141

004+80
004+80
006+42
009+25
011+60
015+90
017+70
022+25
026+65
032+15
042+67
049+95
051+83
059+95 55
062+45 60
068+10 5:50
070+60 45
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Early MGarnet

Produced during initial (M high-grade metamorphism

of Queens Tunnel Plutonic Complex
Coarse grained and inclusion free with orangey cast

Intergrown with cline and orthopyroxenes

Secondary MGarnet

Finergrained and palgink in color
Poikiloblastic habit with abundant inclusions

Forms symplectic rims around plagioclase and pyroxen
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The Queens Tunnel Complex

Secondary (M) Metamorphism

Reactions produce hydrated mineral assemblages
resulting in growth of hornblende, cummingtonite,
biotite, and recrystallized garnet

Sample Retrograde Reactions

= hbl + garnet
= cummingtonite
= hbl + quartz
= biotite + quartz
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Hartland vs. Fordham Rock Fabric

A Micaceous (+hornblende) penetrative foliation
anticipated
d Based on boring logs, ptad reports

AWeakIytonorf oI i ated ogranobl a

Typlcal Hartland Typ|ca| Fordham



NE strike and moderate 57 degree dip anticipa
0 [Based on borings, Chesman, Tarkoy]

Highly variable trends found
0 Extended reaches of tunnel exhibit gentle dips

Only one boring (Q-IR) 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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Brittle Faults

0 Hundreds of faults mapped in five major groups
0 From oldest to youngest:

Group A = NW strike and gentle SW Gf;;;g -
Group B = ENE strike and steep dips
Group C = Subhorizontal fractures, faults, and shears

Group D = NNEending fault system (hitherto
unknown)

GroupE=NNWr endi ng oManhatt a
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Fallout from Intersecting Joints and Layering
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Disturbed Ground

totaling 9,650 ft of afbuilt tunnel
A~38% of Queens Tunnel
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Five Laterally Extensive Dikes

Exposed Thick

Stationing Orientation Length ness Brief Comments
109+20 109+52 N6AW, 57ANE  32' 12 cuts N58E, 83 NW normal fault
117+58 118+24 2 RW Only 66' >8' cuts N5ZE, 76 NW normal fault
and shear zone
128+70 129+21 2 LW Only 516 cuts D, shear zone 7"
129+53- 130+41 N4&W, 78.SW 88 11 cuts N20E, 10 NW thrusts and
older F, fold
131+70 132+42 2 LW Only 726 6' cuts N30W, 23 SW thrust fault
132+40- 132+56 2 RW Only 1660 thin selvage cuts thruss fault and
shear zone
132+58- 133+62 N6AN, 81IANE 104 5'-10"  cuts N44E, 83 SE reverse shear
zone; fractured
149+93 151+36 N5AN,90A 1436 16' cut by N20E, 70NW normal
fault; clay-rich gouge
151+45- 152+40 N4@AW, 8345 W 95 M

cut by N18'E, 70 NW normal
fault; clay-rich gouge
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