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Geological Section - Manhattan Isiand

8ection of New York or Manhattan Island from the Battery to Spuytenduyvel Creek

Gneiss, Limestone, Hornblende Slate and Serpentinite
Over a Crystalline Substrate of
Covered by Diluvium

after Cozzens 1848



Maptid 3 g ont

- - |
i \ A
Irst eo 0glc an | Comantang

Am il
i

i
If
i

after Kemp 1887




East River Gas Company Tunnel

E. 70th St. Blackwell's Island
" West Channel East Channel
o ///l

w1 [ e—— \m\\\s\\\a\s\\\\\s\\\\&\m\ﬂﬂﬂuﬂﬂﬂﬂﬂm U“Hﬂm\mmw\ AR ¢
YMMMWM‘H\ 1 DD RIRARUARAER it mﬂMmu e

after Kemp 1895



Davenport Neck Serpentinite
AP (S S
A e Rof ik i e
- "///,/////\ "l . = S

& /5//////2?’//”7

7

4
4/ 777 T N\
% Z

Hyry 4

214

LEGEND

/) Mica Schists with igneous /njections,

R Serpentine covered by soil etc.

exposed Scale of Feet
(o)

Merrill 1898




New York G
USGS Fol

ill et al. 1902




Manhattan
(after Kemp
and Merrill]

Limestone

Hobbs 1905




ML moex

urrle

.af

LLEGE

SN

b ST TN T DT

S MKERH TN THHWHFFRH

NS R S
S Loonnnannn

MK dplydelly B 00000
anomannn; Dnoonnnn;
Lnant Lielujajay L. Ilefaiafalay

Y

» = / 3 ,.m W. - 4
A - Tﬂ TS :@wmmw N
UL ¢ SonnTeRt e il

: i .,m. 5
\\,\4 \\\,Q\\N S S oA, m.q
\&\\ ; SONTS :
“\ ) ,4 . 4.,\:.._ m s ..).< W\ >
/ | @ g0g 17 e e a1 v, <
i WA o x 7,
JItiti ...“J%&\gé%\\ i s
&



X ,~

=

711 %

Fisher et al. 1970




2

Merguerian 1983

5

€

7= 17
\\ﬂf"’/g
VA

oW\

o

&

Mesozoic and younger
cover rocks

Hartland Formation
undivided

Manhattan Formation
undivided

Fordham Gneiss+Inwood /
Marble (basement-
cover sequence)

Late Precambrian gneiss
PR=Poundridge Y=Yonkers

Hudson Highlands
Gneiss Complex

(@)
O

) 4

L)
Cameron’s
Line




y’ Miles

Kilometers

¢' Connecticut

1) Position/Geometry
| of Cameron’s Line &
Ly EEEIA ) St. Nicholas Thrust
el AV NS @Sl 2) Age/Provenance of

Schistose Rocks

I it aaeeeiesel 3] Proterozoic Rocks
‘ ara B 41 P-THistoryof All
el 5) Matic Rocks

& ; Glaceldotrtus [ @] |

/ Cretaceous to Tertiary Coastal Plain Sediments KT H
ki (@ Triassic o Jurassic sedi andbesalts| R | | “ nns I es
e Devonian Granite [JISEIN |

Ordovician Intrusive Rocks ‘

\{ / Granitic Rocks [ og s EEAE
y = erpentinites
74 Mafic & Ultramafic Rocks [N ‘
/" NORTH AMERICAN PLATE ‘ -
=71 ® Geochem/Age Datin
Undifferentiated | ©0 Harrison Gnelss | O | |
Walloomsac Schist | Ow Hartland Formation | _oOh
@ Inwood Marble [T601] Serpentinite |
'Y}/ Late Neoproterozoic Metasediments and Volcanic Rocks \
7/ Pound Ridge Granite Zx
/‘,' Autocht Ned Mountain fm., Yonkers Gneiss

PN . L/ Ned Mountain fm., Undiff d ‘
B <D 7 NedMountainfm, Basal member 1
Allochthonous Manhattan Schist ‘
! KT Trap Falls Fm. | ]
3' : Grenvillian Basement Fordham and Highlands Gneisses Y || — - ; e e Ry St
lao® 36 N R s R — 'l MANHATTAN PRONG WORKSHOP SEPTEMBER 6-7, 2014



Merguerian's Early
Field Work on
Manhattan
Island

In The Days
When He Was
More Limber




>1,000 Field Data Points
Hundreds of Academic Field Trips
NYC Parks

Tunnels

Geotechnical Data/Borings
Access via Consulting

R, it
DERET etk Ll
Ly

e
T E




Merguerian Has Spent
Most of his Career
Mapping the Surface
and Suhsurface
Geology of NYC






- > ;
Stratgraphy -~

Tippecanoe
Sauk
Taconic

.

-hs -
¢

“«
- >~

-
g i X 2
/ : o
R o W _—
g7 3 ."j
J 57
iy s 1 I
- ,/' / : 3
' '/ ot
‘v o) 4 "
"4 Al
’7) 4 7
7 V5 = R I ‘_‘1/
. 7

CARBONATE SHELF CONTINENTAL RISE

Sea level
Carbonate-boulder

brecciolas - :
Malic volicanics

—_— TACONIC SEQUENCE -




EARLY MeDIAL ORDOVICIAN

/ (€arly Chazyan)

PALEOGEOGRAPHY
by Marshall Kay

Drawn [zy Erwin Raisz_

.palinspastic base~ Sinusoidal projection

O_Id%m‘ooo

- Seas with /imy and sandy

= bottoms on miogeosynclines

~ — - Seas with bottorns j_ argil[-
— " aceous muds and volcanic
rocks on etgeo§ync[ines




Future Site
of New York City

. .~ ? .
= S // 1) S f

=
- I = X Mantle Q\ o &V jerust 2y




~ 430 Ma Taconian Arc - Passive Margm Gollision

F l 't Forearce basin containing

uture slie ench ol Fcias s
- \ /

of New York City '

// "\\ «  Mantle . X yCrust /_

N I ( \
/ /// N
4 V //i \'/\\\\rf 3,\\ b 1 i

Af’\\\ r
07\4




By e

-

yes / Omm

g

Hartland Formation and
Manhattan Schist
(upper unit)

H

Manhattan Schist
(middle unit)

H

Manhattan Schist
(lower unit)

=

Inwood Marble

?

4

TERRANE
(HUTCHINSON RIVER GROUP)

¢
Fordham Gneiss é\a 4

1
v

Yonkers Gneiss

River

. i

Merguerian and Merguerian, 2004




Everett Slll: =

54

A

Stockbridge **
Marble
Housatenic. S ) VR v W (RN e o St
% fi S M \ [ R4 & L : N =

Highlands " / Sameyy, b | SIE T e e et

o : & S0Y / d 5 s 4 gl 5 T4, g _"-” N i A 3 g : ¥

Formation” [ Ua~r, s SN L T gl L v o BRI (e oSR

it Y 3 X e | | 7 = J . ""
New Milford AN ‘ A L= g /-
y o ™ 4 '. 5 { -5 4 A \ / .
Massif JR= ‘ ' : ! | i e g {0 ~ . a7

Cameron’
Line

0 ] 10 1M




Hodges Gomplex
and
Cameron’s Line

Rorgers and ouers,

e b



=7y
2l SNy 2 9%,

) Cameron's

Line

o Ong

Cameron's
Line

¥ Meta-pyroxenite, -hornblendite
Metadiorite

Metagabbro

Geology mapped 1973-77
Charles Merguerian

Merguerian 1977,1985




Algerie Rd

Neph syn,--alkali gabbro--- monzodiorite .
titching plutons purple from Sevigny- Q grarlks
; &P sad gny sill 13 Goff
Hanson,1995

_— -
12 Hodges 4467 Ma

ﬁ Mt Prospect

450.8+ Ma
Brookfield 454+ 2,445+1.5 Ma

6 Peach Lake 44715 Ma

2 Cortlandt-Rosetown 3
lamprophyres 446+ 2Ma

Beemerville
447+ 2Ma

Newtown 4461+2Ma

ﬁ/ Beardsley 446+2 Ma

a——
ap—

7 Bedford 452+ 4.5 Ma
inherited 1.1-1.3Ga

LAURENTIAN CRUST 30 km

Cameron’s line

Ratcliffe and others, 2012







Serpentinite




4
-

! |
. .

] |

2 y 5 et 3 .
. 4 . e - . R
' ' ¥ -..i' ’ - "t"\‘ o s g - ’
e . IS 4 e L

t 1 v_'-. l 1
'-,“ . |

AV AR N

e 2t ' " : 144 . 'y o ot : -
.#zé-az ‘Brooklyn Tunnel - Sta. 128+30
BN . T 3



W
B

Ot

S  dl

te;S

el

LA ‘J
<

s

8o

5

5 g

=



Shaped

3 -
-~ Mass wWith
N \"Q- )

.

Cigar-
Steen Plunge
Southward

—~

|

§

== D= _
(- L) - —J — <
= '

en ln 4
- — mnu .
e o E




sheared Western Margin
Gently Plunging Slicks






43rd Street

Sixth Avenue =—>_

42nd Street

0 20 401
N —_—

A




165" Street Serpentinite

ite Found

in
of Bor

Serpent

ings
8B

in 40%
B-2B

9 B-14

3B-4B







F 165" Street Serpentinite

AMSTERDANME AVE.







ne

Yt

Li

ron’s L

Came

Zone

ust

T

r

St.Nicholas
Thrust




Finally, He’s
Going to Talk
About

NYC
Rocks




By e

-

yey / Omm

g

Hartland Formation and
Manhattan Schist
(upper unit)

H

Manhattan Schist
(middle unit)

H

Manhattan Schist
(lower unit)

=

Inwood Marble

?

4

TERRANE
(HUTCHINSON RIVER GROUP)

¢
Fordham Gneiss é\a 4

1
v

Yonkers Gneiss

Merguerian and Merguerian 2004



ol ~/\).r
2

AT
.(' Y g

,V .?“




~-~, HILL VIEW
8 RESERVOIR

MANHATTANE
_SECTION

[\ ‘ ‘
c\v -—‘t‘ s
.)\“AA"\ \«J d‘\%







» Queens Tunnel Mapping Program 1998- ZOOO
A 0 k\ s

E \« \\%W y
\m Y &

.

“~~‘~:\ o N+
/X \X \§
/ 7/ J/% W /

'Slln IOft










b pattl o P e % S
' 3 . e gt AR R Y e

e 0O SR

& O 2 ays
- ) .

,“-‘ .
R %

f .
b .

. . 4 .- -~
- o -

3N
" , <
s Yl .
. .a
)& o

N
.

»

ARV
\.'I y

g,

2. e

v Al 34 "“ » ’ 3 \
SRR i R PR 4 G :
. YOl < - ¢ -
T, AT et TN ;- S Kt ’
o ~ 3 ‘\_!\f E 1% VN -
' 2™ it z‘ .";-I\‘ g
- LN TN o) .




Woodside Rhyodacite Dike Swarm







oi" 4‘.' 4 5‘“ . F ‘ f )

 Major Lithologic cpntrast
NoCounterpartin ch TN N

. N
* Vo
: . ; ‘ ’
.' : ' s
5 A - ;
4 : <
» g ) v'.
‘ N . e . “a
. . 5o :
» - el ./ X
| gL &/
: F ’ . . :
P . , : :
’) 3
* E ' ’ .
- !
»
e - § % -
b .
3 1 - - ’
0
: , ;
¥ .
-
»
r 4 ’. ;
7 ] <
il | |
L. :
- L . '
. s
S -
‘
-
-
» ) ' ‘
» . :
r .
Y 4
- e -
.
- %
. =
- o
’
'
.
.
' .
» |
. .
€73
'y A
: 4 ~ .
. ’ e \
i

.280 Ma Rashury Age _ 3,







N purvil

BAKER FIELD
Columbra University




=

Inwood Hill Park:NY

Bronx Shaft=——

2

| __m -
i | | )
i | | o ~
:,, Ey
U=

{ el
_T.“fmm//

_. | N

\ /
v .,,\,.,'

i

!
L3
‘

y ¢ “
Iy P
vy i
’ v
)
\

Inwood Hill Park

g

< g
-

«
-
1

\‘

I

il #

v
~




Geological Map of the Con Edison Cable Tunnel Station 4+60 to 5+14 &
Plan View at Elevation of Tunnel Springline

con Edlson cahle T“nnEI Mapped - May 00 by - Merguerian Magnetic Declination

12W
2009 D&B Tunnel - 700’ 8
— 43 4+60 4+65 44 4+70 4+75 39 4+80 4+85 4+90 4+95 29  5+00 5+05 35 5+10
—Ll | 3e—2t | | 3~ L 3| 3-2‘4‘[“\.»3 ] | 3e—2_ |
- o o~ V= I~
¥ - - 42 54 51 77 55 55
76 54 H
2 2 e
€-0i a
d
i
n
g
5]
€-0i +
767 y
? 338
33 5.9 65 45, 40
- v~ Vo~ T v T o~
e 51 45 49 55
€-0i| Inwood Marble Formation Strike and dip of foliation,
52 parallel compositional
2 layering and J1 joints 0 5 10 Feet
Strike and dip of joint (dip angle shown)
35 (generation indicated
near ball end)
Geological Map of the Con Edison Cable Tunnel Station 3+10 to 3+66 ’
Plan View at Elevation of Tunnel Springline
Mapped 23 April 2009 by C. Merguerian Viagriade Baclaiion
12W
3+10 3+15 3+20 3+25 3+30 3+35 3+40 3+45 24 3+50 3455 3+60 3465
31 3 32 3.3% 3 5.40

2 2 [V~ 6
57
41 / 85 542, |77 55 B M
\
— = = = v e N VI~
56 51 52 54 52 50 &
€-0i| Inwood Marble Formation Strike and dip of foliation,
w’52\ parallel compositional
. layering and J1 joints 0 9 10 Feet
pislE  Rivbeenihtm (dip angle shown) O
2 °’SD amount (o/s) indicated 2
= U =up; D =down *~—— Strike and dip of joint
35 (generation indicated

near ball end)



22 24 26 28 30 32 34 36 38

DUKE GEOLOGICAL LABORATORY
36 Fawn Lane
Westbury, NY 11590

0 2 4 8 8 10 12 14 16 18 20

\ * KEY
WA )( /4/55 A1, .((85 i}/ PLAN VIEW AT -115' Elevation
\i 3

Lithologic J1and S1 Trace S1 J2 Joint J3 Joint GRAPHIC SCALE

Contact Layering  Foliation 5 2.5 0 5 10

—
Map Prepared By:

Date: 22/3eptember 2009

BROWN CALC-SCHIST
AND INTERLAYERED
WHITISH-GRAY, BL

-103’ Elevation

-

‘J3\/

DARK GRA¥-BLUE MARBLE

JAND INTERBAYERED WHITISH-
TAN MARBL

THINLY LAYERED WHITISH-GRAY . .2
AND -TAQ,MARB‘LE AND CALC-SCHIST ™



Sub-unit
1 - Calc-schist and calcite marble
2 - Coarse-textured calcite- and
dolomitic marble
3 - Dark gray marble and calc-schist
4 - White to buff-colored dolomitic
marble
5 - Dark gray to blue dolomitic marble
6 - White to buff-colored marble
7 - Dark gray, blue and brown marble,
calc-schist
8 - Thinly layered whitish-gray and -tan
marble and calc-schist
9 - Brown calc-schist, gray marble, calc-
silicate rock and quartzite
10 - Whitish-tan micaceous marble

Thickness (Feet)
> 6’; top not exposed
4.0

3.0
2.0

5.0

11.0
11.0
10.5
11.5

>11.5; base not exposed

Aggregate thickness exposed > 75.5’

Elev.
(msl)

-50’

-60’

=70’

-80’

-90’

-100’

-110’

-120’

-130°

-140°

To surface (+9 elev.)

Overburden

Top of Rock
N

Geology of the
Utility Tunnel
Bronx Shaft
\SE
— -57" map

- Calc-schist and calcite marble

Coarse-textured calcite-
and dolomitic marble

N- -68’ map

—\—72' map

T\—78' map

—\-85' map

— -104" map

N

N5 h
— - map
\

— -127"map

10 Feet

10 Feet

No V.E.




Tinpecanoe

\’J
\“v

¢t Grdnd Concourse, Bronx, NY

A \A\% 4%

e

-‘-
vt'

-t -

ton



- - * Ny ’ '
. - " 4 Wy -

N ke
\ - w " .

» A 'f s X

- < 4

3 e

S 7',; - ' |

. ‘:, ol R AL >

- T > .‘( ,'.,-q' - - g
s & .f, o ~'“__ - ™A L

)






Near Stop 13

Boring M-1009



Manhattan Sch

NYC

Folds of S,

Fs
Central Park

\%w.lxnhﬂ 2
P
Co-eglingk




T e T

Bt e
- TE
e it 4;_

— i

et
A
¢ L




) A .l. '- "

:‘:’Z‘M < G $
o~ L
33 '3& .

L3 ?’“"’m
- N172 Mornside Parky;

PR e e









a D
e G2
|->,)1

% ™ ..?';‘t L " ‘
DN
attan Schist

\ A
Wlnnmc Manh
] ~
> a o ‘v. ‘ .:.\‘




L s
VIS g

olas Thrust



.Nicholas Thrus

Taconic

Tinpecanoe



Garnet-Sillimanite Augen Gneiss, Mt. Morris Park Klippe




Taconic

SW-Plunging F; Folds
Hartland Formation
Riverside Park NYC




Taconic -




.
.

S

[ »
% ‘\?;ﬂ%\ '.":‘\‘

- g
,\’.\'l‘ .y e







A \
N629 Warren Street
-




N624 Warren Street










R R

N367 Hartland Amph




Taconic

Hartland Coticule




Hartland Coticule Found
w/ Spessartine Garnet

Ohc

C












ns-
» .
S

L)

tter

Al

D2 x D3 Interference

A

N\,







Cameron’s Line
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Phase 1 - Threading The Needle
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Second Avenue Subway - North Cavern Center Slash secnnd m’ﬂn“ﬂ s“hwav

Working Face at Sta. 1204+90; Elev. +79' to +108’
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Lithology: Migmatitic, biotite-muscovite-garnet schist
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New York Botanical Garden Site N540
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Four Main
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Canal Street
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Interpretive
Geologic Map of
SE Manhattan,
Brooklyn,
and Queens

Based on Borings
of Berkey (1910)




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







Serpentinite Found
in 40% of Borings
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