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ABSTRACT

Upper Cenozoic strata covering the Chesapeake Bay impact structiin southeastern
Virginia r ecord intermittent differ ential movement aound its buried rim. Miocene strata in a
graben detected by seismic surveys on théork River exhibit variable thickness and ae
deformed above the craterim. Fan-like interformational and intraformational angular uncon-
formities within Pliocene—Pleistocene strata, which strike parallel to the crataim and dip
2°-3° away flom the cratercenter, indicate that deformation and deposition wee synchonous.
Concentric, large-scale cossbedded, bioclastic sand bodies of Pliocene age within ~20 km of the
buried crater rim formed on offshore shoals, pesumably as subsiding listric slump blocks
rotated nearthe crater rim.

INTRODUCTION 38°

At large buried impact structures on th
Yucatan Peninsula of Mexico and in the low
Chesapeake Bay region, crater topography &
postimpact deformation significantly influence:
late Cenozoic sedimentation and structur
Despite burial by 300-1000 m of Cenozoic ca
bonate sediments, the circumferential rin
structure of the Cretaceousriiary Chicxulub
crater is reflected in the present landscay
including a ring of sinkholes overlying the oute
rim (e.g., Perry et al., 1995; Pope et al., 199
Morgan et al., 1997).

At the late Eocene Chesapeake Bay impe
site (Fig. 1A), the submarine crater bathymet
was muted by near instantaneous partial fillir
with impact debris and wash-back or regur
deposits (Poag, 1997). Postimpact strata over
crater generally dip gently inward and artsef
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crater fill (Poag, 1996, 1997). In southeastergigure 1. A: Approximate location of outer rim of Chesapeake Ba  y impact structure and epi-
Virginia, long-recognized but previously unex-center s of ear thquakes fr om A.p. 1775 to present. Number s indicate y ear earthquake occurred.
plained anomalous stratigraphic and structur1995 earthquake (ma gnitude 2.6) occurred within 2 km (68% pr  obability) of location sho  wn (Sibol
features are present within Miocene and Plioceret al., 1996); older ear thquakes (unkno wn magnitude) within 10 to 20 km of locations sho  wn
. . (Martin Chapman, 1998, personal comm un.). Magnitudes f or the latter are unkno wn. Solid line is

strata. In this paper we reV|_ew neqrface StrUC- crater rim fr om Poag etal. (1994). Dashed line marks postulated location of secondar  y fault zone .
tures and facies changes in lafertiary forma-  B: Solid line is crater rim fr  om Poag (1997). Thick line on south bank of ~ York River sho ws loca-
tions close to the outer rim faults of Poag et ation of cr oss section in Figure 3. Irregular line in  York River marks location of seismic line in
(1994) that strike parallel to the crater rivde Figgre 6. 6802(:10:; %Ies mark_ Iocatiins_of Werils used inbider_ltificatiog _of re_ﬂec‘tor sin seisr;\]icdlilne

: . in Figure 6. Shaded region in York River sho ws graben ima ged in seismic sur veys. Dashed line
e_lttrlbute these features to posympact deform‘marks postulated location of secondar vy fault zone . Strike and dip symbols sho w attitude of
tion caused by slump-block motion near the outtpjiocene-Pleistocene contact.  Number s indicate dip angle in degrees. Y = Yorkto wn: BB = Big
rim of the impact structure. Evidence for ongoinBethel; CK = Chuc katuc k; YS =Yadkins; CBIS = Chesapeake Ba y impact structure .
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STRUCTURAL ANOMALIES
Structural troughs, marked by reversals of
regional dip, occur along théork and James

Quaternary |Pliocene-Pleistocene deposits

Pliocene ~ |Chowan River Formation Rivers.Along the south bank of théork River
Yorktown Formation aboveYorktown, EastovemandYorktown, strata
Eastover Formation dip (0.6 m/km) eastward; downstream the dip of
Miocene ; ; i
Lower Chesapeake Group formations these forma'tlons is reversed (Hainsward,

) ) ) ) - 1993).The dip angle of uppeforktown strata
Figure 2. Generalized stratigraphic Oligocene Old Church Formation (beds a to f of Mansfield, 1943) (F&g) exposed
section f or southeastern Virginia. Bold Chickahomi F i . ’ )
horizons are discussed inte  xt. ickahominy Formation in the blufs nearyorktown decreases progres-

E Exmore Breccia (late Eocene) sively upward from ~8.8 m/km to 1.4 m/km,

ocene producing a fan-like ééct. Bed e is a linear
Lower Pamunkey Group formations body of_Iage-scaIe crossbedded_ plofragmental

Paleocene sand (Fig. 3)Angular unconformities separate
Cretaceous |Potomac Group bed f from older planar strata below and Pleisto-

cene beds above.

A similar angular unconformity exists within
upper Yorktown Formation beds in the Big
Bethel pit (Fig.4). In the northern and south-
eastern parts of the pit, thedercross-bedded
biofragmental sand body rests directly on a
seismic deformation associated with the impadheYadkins, Chuckatuck, and Big Bethel pits ancCrepidulabearing sand, and to the southwest it

Lower Mesozoic rift-basin deposits

Paleozoic and Precambrian crystalline rocks

structure is ambiguous. in outcrop and subsurface on ¥wk and James overlies inclined oyster shell-bearing sand and
Rivers (Fig. 1B). Gentle folds in lafertiary sedi-  silicic-carbonate sand faci@he basal contact of
REGIONAL SETTING ments have long been recognized on the lowére biofragmental sand body strikes N23avid

The ~90-km-diameter Chesapeake Bay impacbastal plain (Harri;n Ward, 1993; Mansfield, dips 3°SWHPIleistocene sediments rest with angu-
structure underlies the lower Chesapeake Ba&yp43;Ward and Blackwelderl980), but their lar unconformity on th&orktown Formation.

region (Poag et al., 1994)he impactor pene- genesis has remained obscure. At the Yadkin pit, dipping planabedded,
trated Eocene to Cretaceous sediments and biofragmental sands of thérktown Formation
the underlying pre-Mesozoic crystalline rocksDATA are overlain with angular unconformity by fossil-

(Fig. 2) and created the watsaturated Exmore  To determine if the anomalous structures aréerous sands of the upper Pliocene Chowan
Breccia (Koeberl et al., 1996This breccia, aligned along the rim of the Chesapeake BaRiver FormationYorktown beds strike ~N65°W
which contains abundant shock metamorphism, ispact structure we (1) made field observationand dip south-southwest at more thanTlfe
~300 m thick in the annular trough (outer k&@)  of upper Miocene—Pliocene strata in southeaste@howan River Formation also dips to the south-
and thins rapidly to zero outside the outer rin¥irginia, and (2) conducted shallow-marine seiswvest, and in the eastern and northern parts of the
(Koeberl et al., 1996; Poag, 199A)zone of mic surveys along th¥ork and James Rivers pit, it has been removed by Pleistocene erosion.
normal-faulted slump blocks is beneath théFig. 1B). These surveys, made in September The westward and southwestward dips of the
breccia pinchout, and faults displace Miocene artP96 aboard the R/Vangleyof the Virginia Yorktown and Chowan River strata, with dip
older strata (Poag, 1996). Postimpact strata drapestitute of Marine Science, utilized a Hunteangles decreasing upward in the sections, indi-
over the outer rim and thicken toward the centéboomertype” system at a 1 s repetition ratecate that subsidence was accompanied by a pro-
of the craterindicating ongoing crater subsidenceAnalog data were recorded with a single-channel.
during lateTertiary time (Poag, 1996). 5-m-long, 10 element “eel” and processe

GenerallyTertiary formations in southeasternthrough a preamplifier and an ORE GeoPul: E W
Virginia are thin, tabular sheets of marine sandijter/amplifier with a 200-1500 Hz bandpass Ploistocene
silt, and shell debris that thicken and dip gentl{Data were recorded on EPC-4800 and EPC-3Z

seawardAlong the outer rim of the impact struc-graphic recorders to 250 méibrations from J;&X\_\\XK N

ture these strata exhibit abrupt changes in thickraffic and construction precluded land seism | £ A\X\\\\\\\\\\

ness, lithologyand interformational and intra- surveys near locations of anomalous structures L=.%.%.. YOI
formational angular relationships, as observed ithe York-Jame®eninsula. A e

E W g Cross-bedded biofragmental sand
Silicic-carbonate sand Yorktown
£ Oyster shell-bearing sand Formation

_— , Pleistocene [ Crepidula-bearing sand

Yorktown
20 m !

Pleistocene

Figure 4. Schematic dia gram of stratigraphic
— i relationships within ~ Yorkto wn Formation and
1 km overlying Pleistocene deposits at Big Bethel
pit, Hampton, Virginia. Westis torightf or com-
Figure 3. Cross section of b luffs along south bank of ~ York River near Yorkto wn. Location sho wn  patibility with Figure 3. Thickness of Yorkto wn
with hea vy line on south bank of  York River near Y in Figure 1B. Beds a—f are Yorkto wn Forma-  strata sho wn sc hematicall y is ~5 m. Dip of
tion. Strata dip westwar d and are truncated b y young er deposits. LCBS = large cross-bed ded  base of o yster shell-bearing sand is ~3°SW
biofra gmental sand bod y. Modified fr om Mansfield (1943). Location sho wn with BB in Figure 1B.

sea level
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gressive down-to-the-west and down-to-th W E
southwest rotation of beds at these sites duri z°
late Pliocene time. Each structure clearly 1o
incongruent with the general structural grain
coeval Coastal Plain strata, and each strik
roughly parallel to the crater rim (Fig. These
observations suggest that subsidence, throt
much of Pliocene time, at each of these sites v
locally governed by ongoing slumping of faul
blocks on either side of the outer rim of th
Chesapeake Bay impact structure. E

not to scale

Figure 5. Schematic sho w-
ing formation of lar ge cross-
bedded biofra gmental sand
bodies and basinal deposits
at Yorktown and Chuc ka-
tuck, locations sho wn with Y
and CK, respectivel v, in Fig-
ure 1B. A: Marine trans-
gression during period of
tectonic quiescence while
lower mid dle Yorkto wn was
deposited. B: Development
of basin and shoal and
deposition of accompan  ying
sediments in response to
rotation of underl ying slump
bloc ks during deposition of
mid dle Yorkto wn Formation.
C: Growth and migration of
cross-bed ded biofra gmental
sand upwar d and eastwar d
across basinal sediments
during deposition of upper
Yorkto wn Formation.

STRATIGRAPHIC ANOMALIES

Large bodies of westward-dipping, megacros
bedded biofragmental sands that intertong
landward with fine-grained lithofacies are prese
atYorktown (Johnson, 1972) and at Chuckatur
(Johnson and Coch, 1969) (Fig. 1Bhese
bodies are lenticular in cross section, react
maximum thickness of more than 20 m, range
width from 1 to 2 km and in length from 3 tc
6 km, and are composed almost entirely of u
lithified shell debris.The westward-dipping
mega-cross-beds exceed 6 m in thickness and
westward at angles of as much as 38t lage,
cross-bedded, biofragmental sand bodyosk-
town trends north-south, and the sand body
Chuckatuck trends N25°Woth approximately
parallel the crater rinThe uppermost beds of [== | Planar bedded biofragmental sand
both biofragmental sand bodies dip outward fro Cross-bedded biofragmental sand
the crater center at 1°-2°. [~} Basinal silt, clay, fine sand

The composition, shape, and geographic d  [-,+4Basal transgressive shelly sand
tribution of the lage cross-bedded biofragmente [ __|Older sediments -
sand bodies, and their relationship to inte
tonguing sediments, require shoaling conditiol
seaward and a deeper basin landward (Fig.
As blocks near the crater wall slid along rin NW
faults, the outer edges subsided and the ini
maigins were elevated, causing gentle folding
the overlying lateffertiary sediments and the
formation of ofshore shoals and landwarc
basinsThe lage-scale cross-beds, fed by con
minuted shell material generated on the shoal
the east, prograded outward into the basirthe
inner magin of the block was further elevated by
continued rotation of the fault blocks, the olde
sediments were truncated by submarine scc
(Fig. 5).This movement and subsequent erosi
and deposition produced progressive truncati
of older beds across individual slump block
toward the cratel his deformation was ongoing
because it created shoal-water conditions duri
the deposition of both thérktown and Chowan
River formations.

Yorktown Formation

SE

- Upper Miocene
- Eastover Fm.

a
=}
|

two-way traveltime (ms)

Eocene
Chickahominy Fm.

YORK RIVER STRUCTURES

Shallow seismic surveys on tNerk River
reveal a north-south-striking graben ~1.5 k
wide that overlies the seismically imaged bounu-
ary fault of Poag (1996) (Fig. 6)&Mghn, 1997). Figure 6. Seisrr_]ic recor d a}long York River_ . See Figure 1f or location. Strong reflecto_r satA, B, and
The graben s present at two-way ravel times &, 12 100 MRS of eater iy s, Fncoute s A a2 il efectrdie athouon
as low as ~50 m$hinned strata and pinchouts atjons with drilling recor  ds fr om wells south of ~ York River . Well locations sho wn with solid cir cles
140 and 90 ms (And B, Fig. 6) between drapedin Figure 1B.
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layers of relatively uniform thickness suggest The driving forces from lithostatic loading for Perry E., Marin, L., McClain, J., andelazquez, G
that graben subsidence in Miocene time wasegablock slippage and compaction of Exmore 1995, Ring of cenotes (sinkholes), northwest
intermittent (little graben subsidence relative t@reccia are small. Sediment overburden is gener- USatan, Mexico: Its hydrogeologic characteris-
. g . . ) g tics and possible association with the Chicxulub
surroundings during deposition of uniformlyally less tha_n ~300 m. Nevert_heles_s, the struc-  impact crater: Geology. 23, p.17-20.
thick layers), the most recent event postdatingires described here, the thickening of postoag, CW., 1996, Suctural outer rim of the Chesa-
upper Miocene reflectors (C, Fig. Bhese struc- impact strata into the cratend the widespread peake Bay impact crater: Seismic and bore hole
tures suggest that the outer rim continued to serfaulting in Eocene-Miocene sediments over the ~ €vidence: Meteoritics and Planetary Science,

. . . .31, p.218-226.
as a focus of deformation through the Miocenempact structure (Poag, 1996) suggest that fa%agvcw. p1997-rhe Chesapeake Bay bolide impact:

Complex shallow structures (<30 ms, Fig. 6) preslip may be significant. A convulsive event iAtlantic Coastal Plain evo-

clude interpretation of younger deformation. lution: Sedimentary Geology. 108, p.45-90.
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contrast to the faulting that characterizes deep

strata (Poag, 1997). Faults at shallow deptt

(<150 ms) are rare within 10 km of the outer rin

in seismic surveys on théork or James Rivers.
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