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Single crystal (U-Th)/He dating has been undertaken on 21 detrital zircon grains
extracted from a core sample from Ocean Drilling Project (ODP) site 1073, which is located
~390 km northeast of the center of the Chesapeake Bay impact structure. Optical and electron
imaging in_ combination with energy dispersive X-ray microanalysis (EDS) of zircon grains from
this late Eocene sediment show clear evidence of shock metamorphism in some zircon grains,
which suggests that these shocked zircon crystals are distal ejecta from the formation of the ~40
km diantetér"Chesapeake Bay impact structure. (U-Th/He) dates for zircon crystals from this
sediment rangefrom 33.49 + 0.94 to 305.1 + 8.6 Ma (20), implying crystal-to-crystal variability
in the degree of impact-related resetting of (U-Th)/He systematics and a range of different
possible sourcesy The two youngest zircon grains yield an inverse-variance weighted mean (U-
Th)/He ageof 33.99 £ 0.71 Ma (20 uncertainties n = 2; Mean Square Weighted Deviation
(MSWD) =2.6; Probability (P) = 11 %), which is interpreted to be the (U-Th)/He age of
formation of the Chesapeake Bay impact structure. This age is in agreement with K/Ar,
40Ar/3Ar, and fission track dates for tektites from the North American strewn field, which have

been interpretedias associated with the Chesapeake Bay impact event.

1. Introduetion

Thelargest well-preserved impact structure in the United States of America lies hidden
beneath part of Chesapeake Bay (Fig. 1), near the southwestern tip of the Delmarva Peninsula in
Virginia (Herton et al., 2009). Seismic profiles and gravity data were used to locate the
Chesapeake/Bayystructure, and its impact origin was later confirmed by the presence of shocked
quartz and feldspar grains observed within various drill core samples (e.g., Poag et al., 1992,
1994; Koeberl et al., 1996; Harris et al., 2004; Horton and Izett, 2005; Horton et al., 2009). The
impact structure represents a complex crater that is roughly centered on the town of Cape
Charles and.exhibits an 85 km-diameter outer damage zone of collapsed and mobilized
sediments and.a40 km-diameter central crater (Fig. 1; Collins and Wiinnemann, 2005; Horton
and Izett, 2005). The Chesapeake Bay impact structure is thought to be the source crater for the
North American. tektite (NAT) strewn field (Fig. 2; e.g., Horton and Izett, 2005; Deutsch and
Koeberl, 2006; Koeberl, 2009), including tektites and ejecta material found preserved both

onshore and offshore.
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Previous attempts to determine the age of impact structures, such as the Chesapeake Bay
crater, have mainly focused on the use of “°Ar/3°Ar or U/Pb geochronometers (e.g., Jourdan et
al., 2012 and references therein). Recently, (U-Th)/He thermochronology of apatite, titanite, and
zircon has proven to be another valuable isotopic system for this purpose (e.g., Ukstins Peate et
al., 2010; vansSoest et al., 2011; Wartho et al., 2012; Young et al., 2013a, b; Biren et al. 2014;
2016; Wielicki et al., 2014). In order to augment previous attempts to date the Chesapeake Bay
event usithgavariety of isotopic and fission-track chronometers, we have used the (U-Th)/He
method to date’21 individual zircon grains in an unconsolidated sediment from ODP site 1073
hole A, located ~390 km north-east of the Chesapeake Bay impact structure (Fig. 2). This section
of core containswejecta products presumably related to the Chesapeake Bay structure, and thus
might be expected to offer an opportunity to determine (U-Th)/He closure dates for zircon
crystals that maythave had their helium isotopic systematics disturbed or reset at the time of the
impact event.

Zircen crystals ejected from the Chesapeake Bay impact crater and distally deposited on
the sea floorwould have the advantage of being cooled very rapidly, in contrast to zircon grains
sourced from proximal impactites within a hot and slowly cooling crater. This is especially
important'eensidering the relatively low He closure temperature of zircon (~200 °C; Reiners et
al., 2004).49A1/>° Ar or U/Pb geochronometers have recently been used to examine different
settings (slow crater cooling and hydrothermal resetting/alteration vs. rapid ejecta cooling) in
relation to hydrothermally-reset vs. impact-formation ages, respectively (Schmieder et al., 2018;

Kenny et ale2019).

1.1 Geological context

The Chesapeake Bay impact structure was formed on the continental margin of Virginia
in a shallow=marine sequence of 200-500 m of seawater, 600-1000 m of Cretaceous to Eocene
unconsolidated sediments, and underlying Proterozoic to Paleozoic crystalline rocks (Kamo et
al., 2002; Cellins and Wiinnemann, 2005; Horton and Izett, 2005). The Chesapeake Bay impact
structure 1s alse,associated with distal ejecta found onshore in Georgia (the tektite deposits are
termed georgiaites), Texas (bediasites), Massachusetts (Martha’s Vineyard), and Barbados, and
offshore in the Caribbean Sea (Deep Sea Drilling Project (DSDP) site 149), the Gulf of Mexico
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(DSDP site 94), and the continental shelf of the NW Atlantic (DSDP site 612; ODP sites 903
and 1073; Fig. 2; e.g., Glass and Liu, 2001; Glass, 2002; Simonson and Glass, 2004).

1.2 Previous age determinations for the Chesapeake Bay impact structure

The age,of the Chesapeake Bay impact structure has been inferred indirectly from K/Ar,
fission track, and “°Ar/**Ar dates of NAT ranging from 32.5 £ 2.0 to 35.9 + 4.8 Ma (20; Table 1;
e.g., Fernandes et al. 2019). In addition, TIMS U-Pb dating of 24 intensely shocked zircon
crystals from the NA microtektite layer from DSDP/ODP sites 612, 903 and 904 and Bath Cliff
in Barbados produced upper and lower intercept U-Pb Concordia ages of 400 + 32 Ma and ~35.4
Ma, respectivelyy(Kamo et al., 2002).

1.3 Sample Description

A ~30.cm? core sample of upper Eocene unconsolidated glauconite-bearing sediment
(Fig. 3) was,obtained from ODP site 1073, hole A, core 72X (depth range of core 72X = 654.1 -
663.6 meters'below sea floor), section 4, interval 83-94 cm, obtained during ODP Leg 174A
expedition (Austin et al., 1998), from the International Ocean Drilling Project (IODP) Bremen
Core Repositery in Germany. The upper Eocene interval of the 1073 drill hole A mainly consists
of clay-rieh'nannofossil chalk and diatom-rich nannofossil clay that is strongly bioturbated
(Austin et al., 1998). Unmelted impact ejecta (> 125 um) are confined to an interval between 61-
120 cm in cere 72-4, with numerous white (opaque) grains of shock metamorphosed quartz and
K-feldspar with'planar deformation features. Coesite and reidite are also present in this interval,
but no microtektites or clinopyroxene-bearing spherules have been identified (Liu et al., 2006).
Dark green glauconite clays, sand and pellets are present below, above, and throughout the ejecta

layer, but form an abundance maximum associated with the ejecta layer (Liu and Glass, 2001).

2. Analytical.Methods

Themnconsolidated sediment sample was disaggregated and cleaned with deionized
water in an ultrasonic bath and then wet-sieved. The heavy minerals were separated using
standard gravimetric and magnetic techniques. A Leica MZ16 binocular microscope was used to
select and accurately measure the dimensions of twenty-one zircon grains for dating using the

(U-Th)/He method (Table 2). Individual zircon crystals were photographed and measured on at
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least 2 difference crystal faces, and loaded into individual 0.7 mm OD x 1.0 mm long Nb tubes
prior to isotopic analysis

(U-Th)/He analyses were undertaken in the Group 18 Laboratories at Arizona State
University, An Australian Scientific Inc. Alphachron Mk II helium extraction and analytical
system was_employed for the helium isotopic analyses. On this system, an infrared (980 nm)
diode laser'is used to heat Nb-encapsulated samples in vacuo. Evolved gases were purified using
hot and €old"'SAES NP10 getters prior to spiking with 3He for isotope dilution analysis using a
Balzers QMS™200 quadrupole mass spectrometer. Blank Nb tubes and crystals of Fish Canyon
zircon were also analyzed in order to establish system blanks and monitor system performance.
The averagei*Heblank was 0.049 femtomole for all procedures. *He abundances for the
unknowns wererbetween 200-30000 times the blank for the zircon analyses. The concentration of
the “He aliquot pipetted from the “He standard tanks is known to within 1.18% (1 &), which for
most analyses, contributes the largest uncertainty to this part of the analytical process.

After helium extraction and analysis, the encapsulated zircon crystals were removed from
the Alphachronwwacuum system, spiked with a solution of 2*°Th and 233U in 50% HNOs3, and
dissolved in‘separate solutions of HF, HNO; and HCl acids using Parr digestion vessels at
elevated temperatures. U and Th isotopic ratios were measured by isotope dilution on a Thermo
Scientific.i€ap( inductively coupled plasma source mass spectrometer (ICP-MS). Additional
details of the (U-Th)/He analytical procedures can be found in van Soest et al. (2011). (U-Th)/He
dates were calculated iteratively from blank-corrected “He, 23?Th, and 23U concentrations. Raw
calculated datéswere corrected for a-ejection based on optical measurements of the crystals
prior to analysis; following the protocols recommended by Farley et al. (1996). All (U-Th)/He
dates and inverse-variance mean ages are quoted in Table 2 with 2¢ uncertainties.

Eight undated and unpolished zircon grains and grain fragments were mounted on sticky
carbon tape.and.photographed using a Leica MZ16 binocular microscope using the same
procedures,as.the dated grains. The grains were then carbon coated and examined using
secondary electron (SE) and backscattered electron (BSE) imaging and energy dispersive X-ray
spectrometry"(EDS) with a JEOL JXA-8530F electron microprobe located at the John M.
Cowley Center for High Resolution Electron Microscopy, ASU. Operating conditions were 10
kV accelerating voltage and a 250 pA beam current. A low beam current was required to

minimize charging effects during the imaging session, during which spot analyses by EDS were

This article is protected by copyright. All rights reserved



150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180

performed under the same conditions using a silicon drift diode (SDD) detector to confirm the
elemental compositions of the observed minerals and decompression melt phases, using
acquisition times of 25 seconds. Reported compositions utilize a ZAF matrix correction with
oxygen calculated by stoichiometry, and measurements were calibrated using an instrument-
specific mineral standard database.

These grains and grain fragments were not dated with the (U-Th)/He method because
they wefeé t60"Small or broken, plus the carbon coating required for SE/BSE/EDS analysis would
have caused a'¢arbon contamination problem during the measurement of helium in the
quadrupole mass'spectrometer, which is a common issue for noble gas mass spectrometer
analyses. Howewer, the optical, SE, BSE, and EDS characteristics of this sub-set of zircon grains

are considered to be representative of the dated population of 21 zircon grains.

3. Results

Optical photomicrographs of the eight youngest (U-Th)/He dated zircon grains reveals
the presenceofi(1) clear euhedral zircon crystals (Figs. 4A-B, and 4F); (2) rounded slightly
cloudy translueent zircon grains (Figs. 4C-E, G); and (3) one milky white opaque rounded zircon
grain (Figr4H).

Thepresence of zircon is supported by EDS spectra from the eight undated unpolished
zircon grains/fragments that all show pronounced and resolvable X-ray peaks for Zr (Lat) and Si
(Ka) and by,quantitative analyses of six grains which yield average weight (wt.) % values for
710, of 692 £ 6.2, Si0, of 28.6 + 4.0, and analytical totals of 97.9 £ 7.2 (20). Five of the eight
undated zircon grains/fragments are optically clear and euhedral, and these zircon
grains/fragments show no evidence of shock metamorphism in the SEM images (e.g., Figs. 5A.1-
5A.2 and B.1-B.2). Multiple linear features were observed in two undated zircon grains (Figs.
5C.2-C.3 and5D:2-D.3) and are interpreted as planar deformation features. The optical
photomicrographs of these two zircon grains indicate cloudy regions (Fig. 5C.1) or a totally
translucent€rystal (Fig. 5D.1) that correlate with the presence of planar deformation features,
observed in Figsa5C.2-C.3 and 5D.2-D.3; such features are commonly observed in shock
metamorphosed zircon grains (e.g., Kamo et al., 1996; Wittmann et al., 2006; Schmieder et al.,
2015). One partially-rounded, opaque undated zircon grain (Fig. SE.1) shows evidence of partial

decomposition, marked by the transformation of zircon to a micron-scale dendritic intergrowth
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of baddeleyite (ZrO,) and silica (SiO,, with an EDS analysis yielding a wt. % ZrO,/SiO; ratio of
~31 in the bright BSE regions of intergrowth, Figs. SE.2-E.3). The baddeleyite + silica
assemblage mainly occurs along the rims of the zircon grain and along cracks.

As shown in Table 2 and Fig. 6A, the twenty-one individual (U-Th)/He zircon analyses
yield dates ranging from 33.49 + 0.94 to 305.1 &+ 8.6 Ma. Six of the 21 dates are younger than 70
Ma, and the,three youngest dates are 36.7 + 1.0 Ma, 34.6 + 1.1 Ma, and 33.49 + 0.94 Ma.

4. Discussion

Based on our microscope observations and information gleaned from the electron probe
analyses, we conclude that the zircon population sampled in ODP 1073 hole A shows various
degrees of shock deformation (Fig. 5). Evidence for shock metamorphism includes planar
deformation features (Figs. 5C.2-C.3 and 5D.2-D.3), granular texture, and decomposition from
zircon to a dendritic assemblage of baddeleyite and silica (Figs. 5E.2-E.3). The zircon to
baddeleyitet+ silica decomposition process is estimated to occur at extreme shock conditions
(Wittmanngetials; 2006; 2009a, b; Schmieder et al., 2015; Timms et al, 2017). Shock
metamorphism¢ommonly results in cloudy or opaque zircon grains, as observed by Bohor et al.
(1993) andCortu et al. (2003), which is also observed in our optical photomicrographs (Figs.
5C.1, 5D.Jwand 5E.1) and has been confirmed by SEM observations of these grains (Figs. 5C.2-
C.3,5D.2-D.3 and 5E.2-E.3).

Our ODP sample is comprised a mix of unshocked, weakly-shocked, and intensely-
shocked (ineluding granular texture) zircon grains. The shocked zircon grains likely represent
distal ejectafrom the Chesapeake Bay impact structure due to the excavation/ejection process,
whereas the unshocked zircon crystals may be derived from (1) unshocked Chesapeake Bay
target rocks, (2) different sources unrelated to the impact, or (3) may represent contamination by
drilling mud.(Andrews et al., 2016). ODP drilling procedures include the use of a sepiolite
drilling mud.(Sea Mud™), which is produced by mixing material quarried from the Amargosa
Basin of Nevada with seawater to form a gel that is able to carry heavier particles out of the drill
hole. Drill cores.can become contaminated with the drilling fluids due to the elevated water
pressure or via fracturing of the core during drilling. Intrusion of drilling mud is likely to be
greater in drill core sample lithologies that are unlithified, porous, or heavily fractured. U/Pb

TIMS and Secondary Ionization Mass Spectrometer (SIMS) dating of the Sea Mud™ zircon
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grains has yielded ages ranging from 1.89 to 2889 Ma (Andrews et al., 2016), but no (U-Th)/He
data exist for Sea Mud™ zircon grains and we thus cannot comparatively evaluate the possibility
of contamination in our drill core sample. However, the broad distribution of (U-Th)/He zircon
dates from this sample, with a distinctive, young cluster of dates (Fig. 6A), is similar to that
found in (U-Th)/He datasets for rocks collected from other impact structures (e.g., Ukstins Peate
et al., 20105vansSoest et al., 2011; Wartho et al., 2012; Young et al., 2013a, b; Biren et al., 2014;
2016), i'€.,"many dates distributed over a wide age range, with a number of comparatively tightly
clustered youngdates (Fig. 6A). We interpret this distribution to be indicative of (1) variable
resetting of pre-impact zircon crystals in the target rocks (i.e., ~260-240 Ma Alleghanian
granites, pegmatites and metamorphic basement rocks; e.g., Gibson et al., 2009; Horton et al.,
2009); and (2) (U-Th)/He zircon cooling dates from different sources.

Two of the three youngest zircon crystals are optically distinctive from some of the other
(U-Th)/He dated zircon crystals (Fig. 4). Zircon 1073 Z13 (33.49 + 0.94 Ma; Fig. 4H) has an
opaque milky white appearance, and is similar to the undated opaque zircon (Fig. SE.1) that is
partially decomposed to baddeleyite and silica (Figs. SE.2-E.3). Zircon 1073 Z21 (34.6 = 1.1 Ma;
Fig. 4Q) is translucent and partly cloudy and is similar in appearance to the undated cloudy and
translucentzircon grains/fragments that preserve planar deformation features (Figs. 5C.1-C.3 and
5D.1-D.3)«However, Zircon crystal 1073 Z06 (36.7 £ 1.0 Ma; Fig. 4F) is clear and euhedral, and
is similar in appearance to (1) two of the older dated zircon grains (1073 Z04 and Z20; Figs. 4A-
B), and (2) two of the clear euhedral undated zircon grains (Figs. SA.1-B.2) that preserve no
evidence of'shock metamorphism (Figs. 5A.2 and 5B.2). Due to these observations, the zircon
1037 Z06 withsa'(U-Th)/He date of 36.7 + 1.0 Ma, is excluded from our inverse variance
weighted mean age.

We. suggest that the two youngest zircon grains may have been shock-metamorphosed
during the formation of the Chesapeake Bay impact event, ejected from the target area, and
deposited at ODP site 1073 hole A, which is presently ~390 km NE of the impact structure (Fig.
2). Thus, thednverse-variance weighted mean age of 33.99 + 0.71 Ma (n=2; MSWD =2.6; P =
11 %; Fig. 6B)epresents our best estimate of the (U-Th)/He age of the Chesapeake Bay impact
event.

Owing to the fast He diffusion parameters in zircon (Reiners et al., 2004) it is

advantageous to undertake (U-Th)/He studies on ejected heavy minerals found within tektite and
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microtektite layers in distal marine deposits. These shock-metamorphosed distal zircon grains
would have undergone virtually instantaneous cooling via interaction with the air and seawater,
thereby yielding a reliable impact formation age. In contrast, geochronological analyses of
proximal and crater-filling impactite samples may suffer from the effects of prolonged post-
impact cooling.and/or hydrothermal resetting/alteration, thus potentially yielding ages that are
younger than the impact formation event (e.g., Schmieder et al., 2018; Kenny et al., 2019).
40Ar/3 Ar studies indicate that medium sized (~23 km diameter) impact craters can host relatively
long-lived hydrothermal systems (> 1 Ma; Schmieder and Jourdan, 2013).

Our inverse variance-weighted mean (U-Th)/He age of 33.99 + 0.71 Ma for Chesapeake
Bay is in agreement or slightly younger than previous ages obtained from analyses of NA tektites
by fission trackyK/Ar, and “°Ar/*°Ar dating methods (Fig. 7; Reynolds, 1960; Zahringer, 1963;
Fleischer and Price, 1964; Gentner et al. 1969; Garlick et al., 1971; Storzer and Wagner, 1971;
Glass et al., 1973; Bottomley et al., 1979; Storzer and Wagner, 1977; Bottomley, 1982; Glass et
al, 1986, Obradoyvich et al., 1989; Glass et al., 1995; Albin and Wampler, 1996; Horton and Izett,
2005; Fernandes et al., 2019), and U/Pb TIMS zircon single crystal analyses (Fig. 7; Kamo et al.,
2002). This(U=Th)/He zircon age suggests that Chesapeake Bay is a late Eocene impact event
(Koeberl, 2009), and it also overlaps within 20 errors with the 33.91 = 0.05 Ma age of the
Eocene-Oligocene boundary (Fig. 7; Brown et al., 2009). However, the more precise inverse
isochron “°Ar/*°Ar age of 34.86 + 0.32 Ma (Fernandes et al., 2019), obtained from NA tektites
and Chesapeake Bay impact melt lithologies, does not overlap with the Eocene-Oligocene
boundary (Fig. 7), which suggests that there is no connection between the Chesapeake impact
structure andthe Eocene-Oligocene extinction event. This is confirmed by the observation that
the NA microtektite layer is located metres below the global stratigraphic Eocene/Oligocene

boundary in the Massignano section, Italy (Koeberl, 2009).

Conclusions

(U-Fh)/He dating of zircon crystals from a distal ejecta sample from ODP drill hole
1073 A yields‘assange of dates from 33.49 + 0.94 to 305.1 + 8.6 Ma. The two youngest zircon
grains, which show evidence of shock metamorphism, yield a weighted mean date of 33.99 +
0.71 Ma. This date is consistent with previous geochronological results (Fig. 7), and is

interpreted as the shock-induced zircon (U-Th)/He resetting age of the Chesapeake Bay impact
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event. Our results provide evidence that it is possible to obtain impact crater formation ages via

(U-Th)/He dating of carefully characterized distal ejecta samples.
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Fig. 1. Map and generalized cross-section (A-A’) of the Chesapeake Bay impact structure,
showing the location of the Eyreville drill site (E; map modified from Gohn et al., 2008).
Inset map shows the location (black star) of the Chesapeake Bay impact crater in North

America.
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Fig. 2. Map of the North. American tektite strewn field (modified map from Glass, 2002),
showing onshore tektite locations in Texas (bediasites), Georgia (georgiaites), Massachusetts
(Martha’s Vineyard), and Barbados. Offshore tektite and microtektite locations include the
Caribbean Sea (DSDP 149 and Core RC9-58), Gulf of Mexico (DSDP 94 and Core E67-128),
and continental shelf in the north-west Atlantic Ocean (DSDP 612 and ODP site 904).
Unmelted ejecta hastbeen found at all the offshore core sites except for Core E67-128 (Glass

and Wu, 1993; Glasstand'Liu 2001). The (U-Th)/He dated zircons in this study were sampled
from ODP site 1073 holerA.
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Fig. 3. ~30 cm® unconsolidated glauconite-bearing late Eocene sediment obtained from ODP
site 1073, hole A, core 72, section 4, interval 83-94 cm.

This article is protected by copyright. All rights reserved



1073 Z04
T T L Tl
168.3+ 5.1 Ma

1073 Z11
118 x 60 pm
442 +12Ma

1073 Z19
117 x 54 pm
76.2+22 Ma

1073 Z21
113 x 45 pm
346=1.1 Ma

This article is protected by copyright. All rights reserved

1073 220
115 x 53 pm
47.6+1.3 Ma

1073 Z17
152 x 47 pm
424+1.2Ma

-
»r— ¥ ,

-

*C”.::-

1073 Z06
190 x 63 pm
36.7=1.0 Ma

1073 Z13
119 x 54 uym
33.5+0.9 Ma




Fig. 4. Binocular'light microscope photomicrographs of the eight youngest zircon crystals
dated using the (U-Thy/Hestechnique, showing the (U-Th)/He ages (2c uncertainties), and
lengths and average widths of the crystals: (A) 1073 Z04 — a clear euhedral zircon crystal. (B)
1073 Z20 — a transpazent subhedral zircon that is missing one crystal termination. (C) 1073
Z11 — a subhedral, slightly rounded, semi-translucent zircon crystal. (D) 1073 Z17 — a light-
colored translucent zircon:(E) 1073 Z19 — a semi-translucent subhedral zircon. (F) 1073 Z06
— a translucent euhedral zircon. (G) 1073 Z21 — a white-colored translucent zircon crystal that
has the appearance of anuncooked grain of rice. (H) 1073 Z13 — a white semi-opaque zircon
crystal that has the appearance of a cooked grain of rice.
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Fig. 5. Binocular light microscope photomicrographs and secondary electron (SE) and back-
scattered electron (BSE)jimages of undated zircon grains and grain fragments from Late-
Eocene unconsolidated sediment from ODP Site 1073, hole A. Light microscope (A.1 and
B.1) and SE images (A.2 and B.2) of two unshocked zircons. Light microscope (C.1 and D.1)
and SE images (C.2-€.3 and D.2-D.3) of two zircon grains with multiple linear/planar
features, interpreted to be planar deformation features. The white boxes in 5C.2 and 5D.2
show the magnified areas.in'SC.3 and 5D.3, respectively. The white lines in Fig. 5C.3
highlight the two sets of planar deformation features. Light microscope (5E.1) and BSE
(5E.2) and SE (SE.3)images of a zircon grain that shows a granular texture, and dendritic
textures caused by partial decomposition of zircon to baddeleyite and silica (confirmed by
EDS analyses on thése'phases). For ease of comparison, the white boxes in the BSE (5E.2)
and SE (5E.3) photomicrographs indicate the same region in this zircon grain. The white
scale bars in the SEsand BSE photomicrographs are all 10 um. The horizontal streaks in the
SE images 5B.2,5€.2 and 5C.3) were caused by sample surface charging effects.
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Fig. 7. Plot of previous geochronological ages (fission track, K/Ar, “°Ar/3°Ar, and U/Pb;
black diamonds) compared with our new (U-Th)/He age for the Chesapeake Bay and NAT
strewn field (2c uncertainties). The numbers (#) refer to references quoted in Table 1. The
dashed line and grey box indicate our 33.99 + 0.71 Ma inverse-variance weighted mean (U-
Th)/He age and 2c uncertainty envelope, respectively. The white diamond shows the Eocene-
Oligocene boundarysageof33.91 + 0.05 Ma (Brown et al., 2009; 20 errors are smaller than
the symbol size).
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Table 1. Previous geochronological ages for the Chesapeake
Bay impact structure and associated NAT deposits.
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