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In this scenario a subduction zone begins under western Africa and/or Europe. The result will be a large volcanic mountain
chain along these coasts, similar to the Andes mountains today. Meanwhile the east coast of North America will remain pretty
much unchanged until the ocean basin has completely subducted. Then, Europe and/or Africa will collide with Virginia building a
Himalaya-sized mountain chain. This will be similar to the Alleghanian orogeny, and all of Virginia's rocks will be thrust faulted
and folded - again - leaving future geologists with a very complex geologic record to unravel.

The Atlantic is getting to be an old ocean basin, and sometime in
the (geologically) near future it will begin to close. We do not
know when or how this will occur, but the three likely scenarios
are outlined above.

RejuvenaTion
Q - Neogene (45-Present) Modern Atlantic Ocean

Valley and Ridge
Calvert, Chaplank, St Mary's, Eastover; Yorktown
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similar to the islands of Japan, or the Aleutian islands. Depending of the direction of subduction, a remnant ocean
basin will close until the volcanic arc collides with a continent. In the scenario above the volcanic islands collide with
eastern North America, converting Virginia into an alps-sized mountain chain. This scenario replays the Taconic and
Acadian mountains.
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Rejuvenation is gentle uplift occurring at the end of a mountain building cycle, after the mountain is eroded down to near sea level. The modern
Appalachians are rejuvenation mountains; there has not been a real mountain building - a plate tectonically driven mountain building - along the east
coast since the Alleghanian orogeny over 250 million years ago. At least four rejuvenation episodes are recognized: pre-Cretaceous, Miocene, and two
late Cenozoic episodes.

Rejuvenation is recognized principally through water gaps. With a peneplain the entire region is eroded down to the flat surface near sea level.
With rejuvenation, the area is re-uplifted, and if there is a strong structural fabric, such as folds and faults, then the softer rocks are removed to form
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stage. There /s a high fault block mountain on the western

valleys while the resistant rocks resist to form ridges. The long parallel valleys and ridges reflect the underlying Alleghanian structural geology of P - I.ate Cl'et aCeOUS'PaI eocene ( | 7 5 _4 5 M a) =
thrust faults, anticlines and synclines. The water gaps (e.g. James River and James River Gorge) cut across a mountain range and for this to occur the S edge, feeding i/ 1o on the west side of the loke. The ‘;f;%ﬁ%‘ *
river must exist before the ridge. Coasty Plon Contirentz/ el Atntic Ocean e s = *
) ) I - draining across it Small density (turbidlty) currents cary \ i
The divergent continental margin continues subsiding ever more slowly into the present, filling with the seaward thickening wedge of sediments. Sedlment toward the ke bottom, At s stage the foke 15 B 15
p j P Wavy-bedded + 10-

The coast line shifts in and out as sea level changes. Sea level is presently relatively low. In the future it will ise, inundating much of the eastern sea Ycesons \ ey faminated mudsione Shallow; avis and accumulating red sediments: hiter water N rrasncerig s axtow Jadilkm
board. ) o ) ) ) ‘ B in nearshore mud flats Jevels cover the allwial plair and lead to oxygen poor bottom " Johes, and swanps. %s

The situation today is typical of all ancient divergent continental margins, and if that is all that happened in the past 45 million years there would be 5 s e Uneverly laminated mudstone; walers. Earlf dinosaurs roam across the ares, the st by Goochland YT e g v vy .
little more to discuss. Thirty-five million years ago, however, southeastern Virginia in the area of the present Chesapeake Bay, was hit by a 2-3 mile sediment down the s\opesy ° 5"':” “e:';"Y C“";e""s carrying mammals scurry i the undergrowth, and fsh and aquatic terrane__ TR0 29 T98 T98 Igp petersh
diameter meteorite that blasted a 50 mile wide crater a mile deep - the Chesapeake Invader. The resulting explosion sent shock waves of sedmentdoun e Sopes apties swi i the lokes: Rechawn from et 295 s
complete devastation outward in a 600 mile wide radius all around. The deep depression of the crater drew all the rivers toward it like a magnet. At this point most of the piectmont /s buried under & couple of Thinly bedded urbidite i bt *

- B

thousand feet of sediment, all of which /s now eroded away.

{

Today, except to the trained and informed eye, little evidence of the crater remains at the surface, but the very shape of the Chesapeake Bay and its
southern flow before breaking to the Atlantic ocean, is a direct result of the impact. Geologic events of the past continue to influence us today.
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Pocohontas #3 Coal Formation

Delta progradation
A marsh (coal swamp) develops as the sea
Pot transgresses acrass the abandoned dblta Middle Sandstone Member
otomac Delts progrades (builts out) into the shallow inlnd sea
Group 120 lobe, while & barrier isiand forms &
deepositing a thick wedge of sandstone whie converting

offthe coast. Continved sinking
allows 3 thick peat loyer to form,
and when the next delta lobe
moves into the area the peat is
buried, compressed and turned into
coal.

marine emvironments into terrestrial environments.
Dettas prograde for onyy & few hundled years
Letore they are atandoned. Then they sink and

the sea wastes atross, buying them under 2
D marst, and then marine sediments.
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A short mountain building calm occurs between the Acadian and Alleghanian orogenies, evidenced by the West Virginia Greenbrier Group of carbonate rocks (see map). These are oolitic and BLUESTONE FORMATION

outcrops white carbonate beach sands and tidal flat deposits are present indicating the presence of shorelines, but how far east into Virginia the shore came s unknown. orageny southwest Vinginto was 2 trapical casl swamp. Sedment fowed
In the piedmont emplacement of the Petersburg granite hints that Alleghanian deformation is beginning
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L - Mid-Devonian-Early Mississippian (385-345 Ma)

Acadi Mountains

Catskily Pocono
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cadian OROGENY

Acadian mountain building begins in Newfoundland (Silurian/Early Devonian) and builds southward into New
York/Pennsylvania (Catskill phase), and finishes in southern Virginia in the early Mississippian (Pocono phase).
Northward the Acadians connect with the Caledonide mountains, built by a collision between Laurentia and
Baltica. The new combined continent is named Laurussia, or the Old Red Sandstone continent.

No jan piedmont terranes are associated with the Acadian. Most
pledmont evidence for the orogeny consists of Acadian metamorphic overprinting of Carolina terrane rocks, and
volcanic activity (Tioga ash). Taconic thrust faults are also reactivated as right-lateral faults, indicating a
terrane came in from the northeast and scraped and bumped its way along the Laurentian coast. What or where
the terrane is now is unknown. With the Acadian orogeny the proto-Atlantic ocean closes, leaving the Rheic
ocean between North America and Gondwana. — The Acadian is represented west of the Blue Ridge by the Catskill and Pocono clastic wedges, filling with black, shales ( & Millbora),
submarine fans (Brallier), a shelf (Greenland Gap), and finally red meandering river deposits (C ). From the early collision in southern Virginia the Pocono clastic wedge spreads west and
north, and transgresses eastward across the now filled and subsiding Catskill foreland basin. During the Acadian Virginia drifts into the southern trade wind belt, resulting in a humid equatorial belt climate with abundant
rainfall.
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The Taconic mountains are now eroded, and the piedmont where the mountains once stood, is a low peneplain, either submerged below sea level or containing fault basins in which the
Quantico/Arvonia marine sediments are deposited. West of the modern Blue Ridge the orogeny end is marked by the quartz They and their Dblanket
the entire region from New York to Tennessee.

The foreland basins are now replaced by the shallow Central Appalachian Basin bordered in central Ohio and Kentucky by the Cincinnati arch, while its eastern shore lies somewhere in today’s
Shenandoah Valley. Laurentia is now positioned in the latitude of southern tropical deserts (today's Sarah). Hot, dry climates and rapid evaporation results in a widespread 300-900 foot thick layer of
salt (Salina formation, mostly halite and gypsum) deposited from central West Virginia north into Pennsylvania and west into Ohio. Rimming the edge of the salt basin is carbonate deposition, such
as the reef and shallow shelf Helderberg group, and tidal flat Tonoloway formation.
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The Carolina terrane converges and collides with Laurentia to build the Taconic
‘mountains. A zig-zag continental edge results in two major collisions, the first in
southern Virginia, the second several million years later in southeastern Pennsylvania/Maryland (see map). The east dipping
subduction zone acts as a ramp, causing Carolina to slide up and over the continental edge, building the Taconic mountains.

Because of the zig-zag coast line four complex foreland basins form and fill with sediment. From the southern Virginia mountain,
sediment flows first northeast into the deep, long, narrow Martinsburg flysch basin trapped between the Carolina terrane on the east
and the Little North Mountain arch on the west. The axis of the Martinsburg basin today runs down the axis of the Shenandoah
valley. Secondly the Blount clastic wedge flows westward across southern Virginia into Tennessee.

From the Pennsylvania mountain sediment flows first west into the deep-water Queenstown foreland basin in central
Pennsylvania, and then second southwest into the shallow-water cratonic basin of West Virginia with the Reedsville/Juniata
formations.
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The order and timing of terrane amalgamation is controversial, and the sequence suggested here is not accepted by all. Nonetheless, by the Early Ordovician an
amalgamated Carolina terrane existed off the coast of North America. In this cross section the Goochland microcontinent is also sutured with the
Potomac/Chopawamsic volcanic arcs along the Spotsylvania fault, although the timing of this event may be much later.

Also by early Ordovician an east dipping subduction zone develops under the composite (Potomac/Chopawamsic/?Goochland) terrane creating a remnant ocean basin
between Laurentia and Carolina that soon closes in the Taconic orogeny (cross section J). Simultaneously with subduction numerous batholiths of volcanic arc magmas
penetrate into the Carolina terrane. These culminate in cross section I and J with the Ellisville and Lahore (469-445 Ma) plutons. The subduction creates an accretionary
prism - the Shores melange - a severely deformed mix of trench sediments and ocean floor fragments developed above the subduction zone, and the Hardware formation,
turbidity current sediments eroded from Carolina and deposited as underwater avalanches on the remnant ocean floor. Today the Hardware/Shores are preserved as
slices of rock thrust up onto and over the Laurentian edge along the Mountain Run fault by the Taconian Carolina/Laurentian collision (cross section J).

Hardware.

Carolina Terrane AmalgamaTion

GREAT VaLLEY (Md)/SHENANDOAH VaLLey (Va)
Amalgamated

H - Early-Mid Cambrian (540-525 Ma) Potomac and Chopawamsic

w Larrier reef
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crinoidal limestones. Oolites today form in very warm, clear, shallow, highly agitated waters such as those in the Bahamas, and conditions in the Greenbrier sea are similar. In the il in Virginia . During the Alleghamian E q A N I A N Roq E N ’

westward out of the mountains and into a shallow sea where dellas formed.
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Richmond Basin cross section following complete subsidence.. Although the history /s complex; it

Legins with 3 wet climate and cos/ deposits such as the 36 foot thick Black Heath coal bed. n the middle
tistory the climate is semi-arid and the area looks more like Nevadss - desert-like with ahy river washes
and scrub vegelalion - than Virginia. By the end it has been estimated that the entire predimont /s buried

under thousands of feet of sediment.

From the Permian through the late Triassic there is no geologic record in the Mid-
Atlantic. The region lay deep within Pangaea and there is little or no geological activity.
On the other hand, the region likely exists as a high, broad, flat, plateau several kilometers
above sea level. The seas have retreated, most of North America is land and long river
systems flow out of eastern sources and across the continent draining into the last of the
continental seas in west Texas.

By the late Triassic Pangaea begins rifting apart. By the early Jurassic ocean crust is
forming and the Atlantic ocean opening. Mafic intrusives and lavas invade the entire area.
From this point on the Atlantic ocean basin opens quickly.

Scattered through the piedmont are graben formed during the rifting, including the
Culpepper, Danville, Richmond, and Farmville basins (see map). The Atlantic axial graben
on the other hand is several hundred kilometers to the east, today buried under the edge of the continental shelf. The graben
create closed basins - rivers flow in but can't get out - and lakes form. The Richmond basin especially is a poorly drained lowland
with meandering rivers, oxbow lakes, and swamps in which coal deposits formed. By the end of the Triassic, however, the region
Is arid with salt playas. Farly dinosaurs also scurry across the landscape and some of the first mammals live in the region.
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A Divergent ConTinental Margin O - Triassic-Lower Jurassic (230-175 Ma
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o The Atlantic divergent continental margin is preserved in the coastal plain, and under water along the continental shelf (see province map). It is a gently east-dipping, seaward-thickening wedge of
30 sediments. Today the edge of the coastal plain, located at just about the fall line, is the farthest western extend of these sediments. During the Cretaceous, however, it is likely that most of the piedmont
Ames Ridge was under water (see sea level curve), and the shoreline lapped up against the base of the Blue Ridge. Today sea level is slowly rising from a near all time low. The process Is slow enough we do not
hickah: 40 notice it, but the large storms that lash the modern coast, and which cause erosion of the beaches and barrier islands is the work of these storms haltingly, but steadly, pushing the beaches and barrier
I;me Point| o It raterchaws ety river contral peak islands farther and farther inland as the sea transgresses across eastern Virginia. If sea level rises as it always has in the past much of the mid-Atlantic will again be under water.
lanjemo)
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Valley and Ridge: Piedmont; Coastal Plain )
Alleghanian deformation Taconic Carolina Terrane Buried Axial Graben Allantic Oceanic Crust
A N ~r 5 N A
NwW Newark Basin New York Bight Basin Baltimore Canyon Trough SE

Gander
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Cross section from the Valley and Ridge of Pemnsyliania through the predmont terranes with their in-faulled Triassii Basins and then across the continental margin to
Paca/;(;lnigs No.3 the Atlantic ocean basin, with no vertical exaggeration. Redrawn from Olsen, et al,
coal bec

Pangaea Supercontinent

N - Late Mississippian, Pennsylvanian, and Permian (320 - 250 Ma)

Alleghanian Mtns.

Valley and Ridge Preamont

Blve Ridge

South
America

Africa

D

RRARAA
RARRAA

N

North American allochthonous basement

NN
NNNNNNNNNNNNN

SouTH

of Pangaea inent, and building the aya-sized mountains along the eastern edge of North America. Virtually every rock that formed in Virginia prior to the Alleghanian orogeny is shoved inward toward the
center of North America, stacked up in a series of thrust sheets and folds. By the end of the Alleghanian all of Virginia except the far southwest is mountainous, but mountains that are 6-8 times higher than those today. This event
dominates everything about Virginia to the present day. Most of the structural features now seen formed at this time, including the folded rocks exposed in road cuts, movement of the Blue Ridge rocks from their original site near
Richmond to their present location, and generation of the structures that form the Valley and Ridge.

As the mountain eroded sediment spread across most of the eastern half of North America and on into the plains region of Texas, Oklahoma, and Kansas. Only a small outcrop belt in the southwestern corner of Virginia (including Scott,
Russell, Tazewell, Lee, Wise, Dickenson, and Buchanan counties) contains the eastern-most parts of the sedimentary record. Farly in the mountain building marine shelf and shoreline environments (beach, lagoon, swamp) dominate (see
cross section and map.) But, as the sediments spread westward, coal swamps and terrestrial environments take over. The Virginia coal swamps result in 120 coal beds.

North America is now subtropical, warm, and wet. The coal swamps are filled with centipedes, millipedes, insects, (some as long as a foot), and dragon flies with wing spans 29 inches wide. Crawling among all this vegetation, and
swimming in the lakes, swamps and rivers are many kinds of extinct Labrynthodont/Lepospondyl amphibians, some 2 meters long.
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Accompanying the T1assicurassic 11ting was a surge of voleantc
actiiy resulting in extensive dlke swarms cutting acrass the eastern - .
seaboarad includlng much of Virginia.  The northeast trending sel Triassic Basins: (all in red) sediment-filled half-graben faulted into

concentrated in the north probably came first, followed by 2 piedmont rocks (including under the coastal plain) invaded by mafic
dominanty northern set concentrated 1 the south. - From Intrusives (stocks and dikes) (Stage 0). Rocks often deep red color. Gettysburg
isen, et al, 1959, v
Basins formed when Africa separated from North America to create the
Atlantic ocean

Valley and Ridge: Cambrian - Lower Mississippian (Stages G - M);
thrust faulted and folded sedimentary rocks forming a trellis drainage
pattern.  Shenandoah/Page valleys underlain by Stage G, H, I
divergent continental margin carbonates. Mountain ridges underlain
mostly by clastics from Taconic/Acadian mountain building.

Allegheny Plateau: Cambrian - Permian (Stages H - N); flat
laying sedimentary rocks in a complete stratigraphic section.
Underlie most of Kentucky, West Virginia, and western Maryland
and Pennsylvania. Topographically high above sea level. Dendritic
drainage.

Blue Ridge: Middle Proterozoic - Early Cambrian (Stages A Coastal Plain: Jurassic to
- F); igneous batholiths, rift clastics, lava flows, all low grade Present (Stages O - Q); K
metamorphosed; exposed in a large, overturned anti- eastward thickening wedge
clinorium. Blue Ridge province includes both the Blue Ridge of sediments mostly
mountains (Skyline Drive/Blue Ridge Parkway), and the strip deposited in shoreline and
of land to the east running through Galax, Charlottesville, shallow shelf environments.
Culpepper, and Warrenton. Extends out to continental
margin.
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Piedmont: Later Proterozoic - Mississippian (Stages H -
M); igneous/sedimentary/metamorphic rocks generated
mostly in volcanic arcs transported to North America from sub-basin
dstant places;  on western edge incudes proto-Atontic
slope and rise sediments (e.g. Evington/Ash formations); /
Pprovince extends eastward under coastal plain.
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Line A-B Is goproximale location of cross sections A through &.
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G - Early Cambrian (~560 Ma)
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PN > Rome (red clastics from West Vigins) Stad (erbonares) Rift margin subsides below sea level
S8 Antietam (Chitowee) ishing the early i et

— == Fior the early divergent continental

margin. The horsts are eroded and finally
buried by the Chilhowee group (Weverton,
Harpers, Antietam formations). With final
submergence, the Antietam sandstone
Dblankets the entire continental margin; the Sauk sea begins its transgression
across the continent. This is now a coastal region, similar to present-day
eastern Virginia but without the vegetation and multicellular life.

After Antietam deposition Shady tidal carbonate deposition begins, while

v

- - . Weverton, Harpers (Chilhowee)
Cambrian Continental Margin

While the divergent continental margin subsides, out beyond the horizon volcanic arcs and microcontinents begin their history.
Strung up and down the modern piedmont are as many as a dozen "suspect” terranes (see map) - crustal fragments that, even though

ﬁ‘g,;m_' 8 = shelf part of North American today, formed elsewhere and were brought here by later events. Some began their history in unnamed ocean
AN N\ \ =/ p ’i’g;fff’ basins, even before Rodinia rifted. Among the oldest are the late Proterozoic to early Cambrian (620-545 Ma) Virgilina volcanic arc in
southern Virginia and North Carolina, the somewhat younger Potomac and Chopawamsic volcanic arcs in central Virginia, and the James \ M DEcoquon S %‘Q.\
s 52

palch reef

CONOCQCHEAGUE, > Bt Run arc of Maryland. Possibly also included is the Goochland mic t, although its provenance is c .. The events that pluton (525 M3)
ree/ brought them here are not completely clear. Technically, it is impossible to show the origin and early history of these terranes on these
cross sections because some began their history even before the proto-Atiantic opened.
\ By this cross section the Potomac and Chopawamsic (and Virgilina to the south) are amalgamated along the Chopawamsic fault,
7 V\§> fhin beds welded together by the Cambrian Occoquan granite, a ~525+ Ma stitching pluton.
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Block diagram reconstructing the Hikely depositional setting of the Upper Cambrian carbonates i
e / i/ ot and Frederick ( ise and associaled turbialty
depasty) formations in Maryviand and equivalents in Virginia.  Observe the shallow carbonate

environments that drap abryplly into deep waler enviromments off the continental eage along a
barrrer reel. Fast to west distance s 105 of kilometers. Redrawn and adapted from Demicco, 1985, ,7 e
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i at the same time the Rome trough becomes active in West Virginia (see map)
Llbrook Pope Head . fault Goochland microcontinent shedding red clastic sediments eastward toward the continental margin.
7 Adacent Evotic ocean  Aceretonany % Remnant Cean Basi 5% s o Equator at this time runs down the center of Laurentia, and Virginia and the

= Abe east coast are in the southern tropics between (? and 2%, looking south.
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Switt Rem Catoctin lova

Lanly proto-Atiantic Ocean Basin . Final fracturing along eastern margin of
Lynchburg  graben rifts  Rodinia  apart
initiating opening of proto-Atlantic (Iapetus)
ocean (several 105 of km wide at this
stage). Fracturing of the continental edge
allows mafic feeder dikes to feed Catoctin
lava flows (exposed along Skyline Drive
south of Little Stony Man, and under
Monticello) burying exposed Grenville rocks
and, where present, Swift Run regolith. The North American continent is now
named Laurentia. Snowball Earth is over; world climate now tropical.
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. . . . @ E - Late Proterozoic-Early Cambrian (760 -700 Ma)
Thumbnail Histo Ry A - Mid Proterozoic (1.8-1.4 Ga) o it i gz
- Crossnore: ML Rogers voleano ypchturg Graten
Stage Road gneiss sedimentary protolith W
The deepest history in the region is of a sedimentary rock, Uplift and Early Rifting: widespread
Sea LeveL Curve nnamed ocean without any of the underlying igneous or metamorphic rocks (the horst and graben systems accompanied by
100's of meters va N va 1% ‘basement’) they would have been deposited on. Most likely the \ N intrusion of the Crossnore volcanic/
above present sea level A préée Sed b em‘e/m) | 7 sediment was deposited in a coastal region on a continental ) J - — - plutonic complex. A series of graben
6 5 4 32 1 0 QTS TSN A margin edge similar to modern-day Virginia (although no plants . obe i / valleys, now preserved in the Blue Ridge,
D I S Allegheny Plateau ‘ \ va N ova N or animals are yet present). This interpretation is based on more accumulate as much as 8 kilometers of
’ | conplete evidence from Texas, the Adirondacks, and Canada. \\ \\ - sediment (see map). The Crossnore
I order # i 1 z a Today these sediments are the metamorphosed Stage Road \ e includes more than 20 plutons  from
curves S@C Valey and Ride HiES Greiss found in the Blue Ridge Lovingston massi (eastern side of Newfoundiand to Georgia, and the Mt
- <PO ‘ Tivers flowta e the Blue Ridge province). Dates come from derital zircons. Rogers and South Mountain (Pa.) hot spot
N I 24 ‘ Atlantic ocean B 4 volcanic piles (see map), volcanos similar to
§ | 3 £ g : H Kilimanjaro in East Aftica.
T“ d H S o o Snowball Earth (750-580 Ma). The rifting is accompanied by four severe,
& qﬂ i o global-wide, glaciation events, each lasting about 10 million years. Farth
E ‘ < g . . temperatures dropped to -50 degrees Celsius. Glaciers drape the horsts and
3 | . (2] q B - Mld Proterozom ( I .2- I . I Ga) [6) D - I_ate Proterozoic (~O 8 Ga) flow out into the sea-filled graben valleys, resulting in dropstone deposits,
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