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Paleo-equator

Paleo-shoreline

after Kay, 1951





~ 450 Ma Taconian Arc – Passive Margin Collision

Modern Analogue



450 Ma to 250 Ma
Protracted Plate Collisions
Produce the Appalachians



New York City



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



Hartland Coticule

New Hartford, CT

New Hartford, CT

West Granville, MA



Merguerian and
Merguerian, 2004

New York City



NYC TBM Projects
Second Avenue Subway

1929 – NYC BOT Proposes
Second Avenue Subway
1931 – Plans Postponed for
Depression Era
$86M → $249M → $500M
By 1948 – Abandonment
June 2010 – TBM Starts S Tube
2013 – Station Complexes



Phase 4

Phase 3

Phase 1

Phase 2

Phase 1 - 96th to 62nd 

Phase 2 - 125th to 96th 

Phase 3 - 62nd to Houston

Phase 4 - Houston to Hanover

Second Avenue Subway

Four Phases of Construction



Phase 1 [96th to 59th] - Threading The Needle

April 2010 Insertion

May 2010



96th Street Station Complex

Second Avenue Subway

27 Mar 2011



96th Street Station Complex

Second Avenue Subway

27 Mar 2011



96th Street Station Complex96th Street Station Complex

Second Avenue Subway

27 Mar 2011



South Tube – Sta. 1172+30 Bulkhead ~72St

Second Avenue Subway

27 Mar 2011



South Tube - 86th Street

Second Avenue Subway

27 Mar 2011



South Tube – Sta. 1172+80

Second Avenue Subway

27 Mar 2011



Dukelabs TBM Research



New Research on
TBM Cutter Head
Torque Dynamics



Six-Month
Training Period

Beset by
Aimless, Unfocused,

Lackluster
Performance



Public Cavern

South Ancillary Cavern

North Ancillary Cavern

Ancillary 1

Entrance 1

Entrance 2

Ancillary 2

86th Street Station Cavern Excavation

Stations 1198+00 to 1209+00 = ~1,100’



Excavation Methods



INTERMEDIATE BENCH

ANCILLARY TOP HEADING

BOTTOM BENCH

86th Street Station – Main Cavern Excavation



PUBLIC TOP HEADING

BOTTOM BENCH

86th Street Station – Public Cavern Excavation



Second Avenue Subway



Second Avenue Subway

North Cavern



Second Avenue Subway

Finished North Ancillary and Public Cavern



Second Avenue Subway

Sta 1203+95Unfinished Public Cavern



Second Avenue Subway



Duke Geological Lab
--------------------------------------------------------------------------------------------------

Full Service Geotechnical

Tunneling Analysis

www.dukelabs.com

Genevieve Mickey



Dukelabs Second Avenue
Subway Field Office

No Windows!



Sta ~1199+00 – South Cavern

Second Avenue Subway



Sta ~1199+00 – South Cavern
NW-faults cut NNE faults



Sta 1198+75 – CIR Room

Second Avenue Subway





Sta 1198+75 – CIR Room

Second Avenue Subway



Sta 1198+75 – CIR Room

Second Avenue Subway



Sta 1198+75 – CIR Room

Second Avenue Subway



Second Avenue Subway

Sta ~1205+00 – North Cavern



Second Avenue Subway

Sta ~1205+00 – North Cavern



Sta 1204+90 
North Cavern Center Slash

Second Avenue Subway



Second Avenue Subway

Sta 1204+90 
North Cavern Center Slash



Sta ~1205+00 – North Cavern

Second Avenue Subway



Sta 1205+10
North Cavern West Slash

Second Avenue Subway



Sta 1205+10
North Cavern West Slash

Second Avenue Subway



Sta 1205+10 – North Cavern

Second Avenue Subway



Sta 1206+62 – Elevator Shaft



Sta 1206+62 – Elevator Shaft
North Face

Second Avenue Subway



Sta 1206+62 – Elevator Shaft

Second Avenue Subway



Second Avenue Subway
86th Street Station Complex
Ancillary  #2 06 Nov 2012

Second Avenue Subway



• Picture of production drilling

Second Avenue Subway

Second Avenue Subway
86th Street Station Complex
Ancillary  #2
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Second Avenue Subway



• Picture of mating

Blast Mats Set

Second Avenue Subway

Second Avenue Subway
86th Street Station Complex
Ancillary  #2



Second Avenue Subway
86th Street Station Complex
Ancillary  #2 19 Dec 2012

Second Avenue Subway

Second Avenue Subway
86th Street Station Complex
Ancillary  #2



Sta 1207+07 – Ancillary #2













Sta 1207+50 – Ancillary #2 West Wall



Sta 1207+50 – Ancillary #2 West Wall

Second Avenue Subway



1075b_Calcite_86th St 2nd Ave Subway



1075c_Calcite_86th St 2nd Ave Subway



1104_Calcite_86th St 2nd Ave Subway



2689_Stilbite+Calcite_86th St 2nd Ave Subway



2825_Stilbite_86th St 2nd Ave Subway



2840_Epidote_86th St 2nd Ave Subway



12845_Epidote+Calcite_86th St 2nd Ave Subway



2851_Pyrite+Stilbite_86th St 2nd Ave Subway



2853_Stilbite_86th St 2nd Ave Subway



2857_Stilbite_86th St 2nd Ave Subway



2852_Calcite+Stilbite_86th St 2nd Ave Subway



2863_Stilbite+Calcite_86th St 2nd Ave Subway



after Merguerian, 1983



Polydeformed Bedrock – Central Park, NYC

F3



S3 S3

F2

F2

F3

F3

S1

S1

Polydeformed Bedrock – Central Park, NYC



Polydeformed Bedrock

S3 S3

F2

F2

F3

F3

S1

S1



NYC Faults and Joints



Group E Faults





Thanks For Attending
Questions Please ??Biting?

There’s No 
Biting in the 

Hamster 
Industry!

Visit www.dukelabs.com for recent NYC geology articles
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