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ROCKS AND SEDIMENTS OF A WIDE RANGE OF AGES
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OLDEST OCEANIC CRUST
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GRENVILLE OROGENY 
1.3 Ba - 960 Ma

• The Grenville Orogeny was a long-lived, 

very old mountain-building event 

associated with the assembly of the 

supercontinent Rodinia. 

• Its record is a prominent orogenic belt 

which spans a significant portion of the 

North American continent, from Labrador 

to Mexico, as well as to Scotland. 

• Orogenic crust of mid-late Proterozoic 

age is found worldwide, but generally, 

only events which occurred on the 

southern and eastern margins of Laurentia

are recognized under the “Grenville” name 

(Kibaran orogeny in Africa,and the

Dalslandian orogeny in western Europe).

TCNJ PHY120 2013 GCHERMAN



TACONIC AND ACADIAN OROGENIES 540-325 Ma

• Proto North America 

(PNA) about 430 million 

years ago, with Greenland 

nestled against northern 

Canada. 

•PNA is straddling the 

equator, the present "east 

coast" is closer to being a 

"south coast", and much of 

the US and Canada was 

covered by shallow seas. 

•Baltica, the core of western Europe, moving westward, made impact 

against Greenland, and raised mountains on both continents.

•The Taconic island chain (TAC) began to collide with Proto North

America about 40 million years earlier (470 to 450 million years ago). 

•The Iapetus Ocean, which had been the shoreline for Proto North 

America, is closing as Western and Eastern Avalonia (WAV and EAV), 

following behind the Taconic arc, are heading for collision with the 

recently-extended coast of Proto North America. 

• A wide swath of Iapetus Ocean seabed material will be pushed onto 

Proto North America as the Avalonian islands push against and onto 

Proto North America. 

http://www.jamestown-ri.info/acadian.htmDr. Ron Blakely, Northern Arizona University
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ALLEGHANIAN OROGENY 325-260 Ma

• The Alleghanian orogeny is the suturing of two continents into the supercontinent 

Pangaea. 
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ALLEGHANIAN OROGENY

• Orogenesis occurred approximately 

325 million to 260 million years ago over 

at least five deformation events in the 

Carboniferous to Permian period.
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NEWARK RIFTING 
220-175 (?) Ma

• Approximately 220 million years 

ago, during the late Triassic 

Period, the supercontinent 

Pangaea began to break apart. 

• The focus of the rifting began 

somewhere between where 

present-day eastern North 

America and north-western Africa 

were joined.

•The rifted margins subsided, 

forming basins in which 

continental and marine sediments 

accumulated with evaporites

forming in restricted basins. 

•Sills, dikes and lava flows were 

injected into predominantly non-

marine sediments during the 

early (Triassic) history.
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PASSIVE (?) DRIFT 
175 (?) Ma - 0

•The rate of subsidence slowed with time 

as the margin cooled, but the 

accumulating sediment contributed to the 

sink rate.

•Following the rifting and initial accretion 

of oceanic crust, the Atlantic grew to over 

1,000 kilometers wide during the Jurassic, 

but this early ocean was shallow because 

it was over the spreading center. 

•During the late Cretaceous and Cenozoic, 

the controls on shelf sedimentation were 

regional warping and faulting and eustatic

sea level changes. 

•Subsidence with sediment influx and accumulation of sediments continued on the shelf and a continental 

rise was developed by turbidity current deposits from the shelf and slope. 

• The North American continent is growing along the Atlantic slope and the shelf break advances seaward as 

sediments accumulate over older strata. The sequence in the growth of the Atlantic margin is a model for 

divergent margin development.

•No mention of impact tectonic effects in the current  geological tectonic  framework.
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• The eastern seaboard of the North American continent is scalloped with a series of concave 

and convex regions stemming from overlapping, orogenic (and impact) events.

• Angular bends (promontories and embayments) in rifted and passive continental margins 

are interpreted to be the precursors of curves (recesses and salients, respectively) in orogenic 

belts.

ARCHITECTURE OF THE EASTERN MARGIN OF THE NORTH AMERICAN PLATE

1983, Continental margins, orogenic belts, 

and intracratonic structures,
William A. Thomas, Department of Geology, 

University of Alabama, Tuscaloosa
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•Plate convergence at 

an irregularly shaped 

continental margin 

results in along-strike

diachroneity of closing 

(and thus of orogeny) 

and in a variable 

trajectory of stress into 

continental crust. 

PENNSYLVANIA 

SALIENT AND 

THE NEW YORK 

RECESS

PS-MS

NYR-PhD
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• Blind-thrust, foreland 

fold-and-thrust belt of 

Alleghanian age.

PALINSPASTIC INTERPRETATION OF THE PENNSYLVANIA SALIENT
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COMPUTER-AIDED CROSS-SECTION INTERPRETATION
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PENETRATIVE 

COVER STRAINS
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NEW YORK 

RECESS
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Mid-Atlantic margin of the 

North American Plate, The 

York Recess

Default view for

L10_Mid-Atlantic_Geology.kmz



NEW YORK 

RECESS

PS-MS

NYR-PhD
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Mid-Atlantic margin of 

the North American 

Plate, The York Recess

•Two regional bedrock 

geological studies 

between 1984 and 1997.



Mid-Atlantic margin of 

the North American 

Plate, The York Recess

NEW YORK 

RECESS
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MIXED 

EARLY 

PALEOZOIC 

AND

PRECAMBRIAN

SCHIST AND 

METAMORPHIC 

ROCKS

Pennsylvania 

Piedmont
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PALEOZOIC 

ROCKS

• LOWER, MIDDLE, 

AND UPPER

Kittatinny 

Valley

Kittatinny Mt.
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MESOZOIC 

ROCKS 

Late Triassic and Early 

Jurassic Newark Basin

Gettysburg 

Basin

Hartford Basin

Cretaceous  

marine 

sands and 

clays
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CENOZOIC 

ROCKS 

Tertiary 

marine 

sands and 

clays

Quaternary 

sands and 

gravels
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ALL ROCKS 

SHOWING 

MAJOR FAULTS 

AND GLACIAL 

MORAINES 
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NEW JERSEY HIGHLANDS

• Scenic and rugged terrain

• Mountainous uplands

• Northeast-trending ridges

• Rocks resistant to erosion

• Broad, flat valleys underlain by less 

resistant Proterozoic rocks and/or 

younger shale and limestone/dolomite
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Pompton
Pink Granite

HIGHLANDS GRANITE 50% of outcrop area
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Igneous gneissIgneous gneiss

HIGHLANDS GNEISS AND MARBLE 50% of outcrop area

Marble andMarble and

Sedimentary  gneissSedimentary  gneiss
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HIGHLANDS FOLDS

1 in.

1 ft
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HIGHLANDS STRUCTURE
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• NJ_Bedrock_cross_section_A.kmz (253 KB)

• http://www.impacttectonics.org/gcherman/downloads/GEO310/GCH_GESymbols/NJ_Bedrock_cross_section_A.kmz

3D Google Earth View of NJ Bedrock Section A-A’



VALLEY & RIDGE

• Steep sided ridges and broad valleys 

composed of folded and faulted Paleozoic 

sedimentary and igneous rock 

(Cambrian-Middle Devonian 540-374 Ma)

About 1/15th of NJ on its NW edge

TCNJ PHY120 2013 GCHERMAN



VALLEY & RIDGE ROCKS

Granite and gneiss of the Highlands

Dolomite - a carbonate, 

dissolves with acid, 

weathers easily

Dolomite - a carbonate, 

dissolves with acid, 

weathers easily

Slate or shale – resistant 

to weathering, thin soils, 

Slate or shale – resistant 

to weathering, thin soils, 

Sandstone - more 

resistant to weathering 

where cemented

Sandstone - more 

resistant to weathering 

where cemented

Quartzite - very resistant, forms ridgesQuartzite - very resistant, forms ridges

Limestone - dissolves with acid, weathers easilyLimestone - dissolves with acid, weathers easily

Quartzite - very resistant, 

forms Kittatinny Mountain

Quartzite - very resistant, 

forms Kittatinny Mountain

Sandstone - more resistant to 

weathering where cemented

Sandstone - more resistant to 

weathering where cemented
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VALLEY & 

RIDGE 

STRUCTURES

• Folds 

• Cleavage 

• Fractures

• Faults

Kittatinny Valley and Jenny Jump Mt. Overthrust, 

Warren and Sussex Counties, New Jersey
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NJ RIDGE AND 

VALLEY THRUST 

SYSTEM

• Multiply-

tectonized

foreland riding 

northwestward on a 

hypothetical

decollement

• Cleavage 

• Fractures

• Faults
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POCONO PLATEAU
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SEISMIC-REFLECTION 

SURVEYS

VIBROSEIS TRUCKS
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CONTROLS ON THE SEISMIC-REFLECTION PROFILE
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UNINTERPRETED SEISMIC-REFLECTION PROFILE
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PALINSPASTIC CROSS-SECTION INTERPRETATIONS

PASSIVE MARGIN CARBONATE PLATFORM

CARBONATE PLATFORM WITH FORELAND FOLDS

PRE-TACONIC

POST-TACONIC
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10x vertical exaggeration

NJ RIDGE AND 

VALLEY THRUST 

TOPOGRAPHIC 

RELIEF
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Flat lying outcrop of Allentown Dolomite showing widening of joints through solutionFlat lying outcrop of Allentown Dolomite showing widening of joints through solution

Sinkholes are most often the result 

of the collapse of soil and loose 

weathered rock into underlying 

cavities and solution joints.  

Sinkholes are most often the result 

of the collapse of soil and loose 

weathered rock into underlying 

cavities and solution joints.  
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SPACED, 

SLATY, 

AND 

CRENULATION 

CLEAVAGE

KITATTINNY VALLEY STRUCTURES



• Underlies most urban part of state ~ 1/5 NJ 

• Low rolling plain divided by series of higher 

ridges

• Mostly underlain by slightly folded and 

faulted Mesozoic sedimentary and igneous 

rocks e

PIEDMONT PROVINCE

TCNJ PHY120 2013 GCHERMAN



TCNJ PHY120 2013 GCHERMAN

NEWARK BASIN PART OF THE PIEDMONT PROVINCE
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BRITTLE ROCK FRACTURES IN THE NEWARK BASIN



MESOZOIC HALF-GRABEN 

RIFT BASIN

• Tilted gently NW, faulted on the 

NW, and hinge on the SE

• Intruded by diabase and flooded 

by basalts ~ 200 Ma.

•Major intrabasinal faults
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UPPER MESOZOIC 

(CRETACEOUS) to

CENOZOIC PASSIVE 

MARGIN

•Subsidence with sediment influx 

and accumulation, turbidity 

currents depositing sediment onto 

and outward off the shelf,  down 

the continental slope, and onto the 

continental rise. 

• The North American continent is 

growing along the Atlantic slope 

and the shelf break advances 

seaward as sediments accumulate 

over older strata. 
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COASTAL PLAIN STRUCTURE

A

A’

• Tilted gently SE

•No recognized faults at the 

surface
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COMPOSITE STRUCTURAL PROFILE ACROSS THE NEW YORK RECESS
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• Limited in 

extent to the 

northern 1/3 of 

New Jersey

• Generally very 

good aquifer 

where greater 

than 100’ thick in 

buried valleys.

QUATERNARY 

GLACIAL COVER
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NEOTECTONICS 

AND FRACTURE DIP

New Jersey – New York USA 

historical seismicity (Sykes, 2006), 

vertical crustal motion (mm/yr) 

based on continuously-operated 

receiving stations in 2010 (CORS), 

and predicted neotectonic 

fracture strike and dip directions

-3 to -4

-2 to -3

-1 to -2

0 to -1

-2 to -3

-2 to -3
-1 to -2

0 to -1

0 to 1

0 to 1

0 to -1

0 to -1

-3 to -4

0 to -1

0 to -1


