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We have fo und seven discrele layers in a bog core from Cornwall, NYaboul 80 km away fro m 
Ihe Allantic Ocean. All bUI 111'0 layers contain maieriaillwi is unlikely 10 be locally derived. 
In mosi cases, Ihe ma/erial in Ihe layers has been Iransporled Ihousands of kilomelers fro m ils 
source area. Six oul of Ihe seven layers are difficull 10 explain excepllhrough impaci processes. 
If all of Ihese layers are derived from impaCls Ihal produced cralers, Ihe daw imply a very high 
impaci rale during Iale Holocene lime. In addilion, we have been able 10 associale 111'0 of Ihe 
impaci ejecla layers wilh daled Isunami evellIs Ihal span Ihe Allalllic Ocean. If Ihis discovery is 
validaled by fu rlher research. il implies a much larger Isunami hazard in Ihe Allantic Ocean Ihan 
previously reporled. 

Keywords: sedimentation rale, sedimelll lransporl. scanning eleelron microscope (SENt) analysis. 
impact ejecta layer. impacl hypothesis during late Holocene lime, /SImami hazard in lhe Atlalllie 
Ocean. 

Introduction 

Impact ejecta travel thou sands of kil ometers away fro m their sou rce crate r. They 

arc deposited wit hin seconds to minut es of the impact event [11]. If impact ejecta could be 

di scerned wit hin cores with rapid sedimentati on rate s, they would constitute marker hori zons 

with geologica lly instantaneous ages . In th is paper, we di sc uss seven laye rs from a bog core 

with a sed imenlation rale of - 100 em per 1000 years. In each case, some component of the layer 

suggests tran sport over long di stances. Each layer a lso contain s components that are suggest ive 

of impact. However, a confirm at ion of the impact origin and the source crater for each laye r is 

still in progress . 
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Background 

In 2006, we used a piston corer to take a core from Tamarack Pond in Black Rock Forest 

ncar Cornwall, NY. Tamarack Pond is an artificial lake that was a bog until about 100 years ago. 

Approximately I km away, an earlier core from Sutherland Pond is known to have a sedimentation rate 

of about 100 cm per thousand years [22]. We are interested in determin ing if Tamarack Pond also had 

a similar sedimentation rate and geological history. 

In our initial studies, we sampled for pollen and found that the sedimentation rate was si milar to that 

of the Sutherland Pond corc. We then searched fOT datable seeds and twigs. Thesc were used to define a 

dated stratigraphy for the Tamarack Pond core [13]. We found that the sedimentation rate for the upper 

pari of the core was identical with in error to that of the previously dated Sutherland Pond core. The lower 

part of the Tamarack Pond core had no material that could be dated . Therefore, we extrapolate our ages 

downward assuming that the sedimentation rate is the same as that in Sutherland Pond. 

Regional Geological Setting 

The area around Tamarack Pond consists of Proterozoic age rocks of the Hudson Highlands. 

With the exception ofa fcw granites and pegmat ites, most of the rocks aTe hornblende-granu lite grade 

gneisses [3]. None of the rocks have fossils. There are no active voleanoes in the area. The closest 

source of glassy voleanic rocks of Holocene age is the voleanic arc in the Caribbean. Tamarack Pond 

is on a local topographic high with low relief. Thus, there is no expectation of any long distance of 

sediment transport sourced from younger rocks. 

Laboratory Methods 

We took our core sample on an island mat of vegetation in the center of Tamarack Pond (Fig. I). 

The upper 260 cm of the «(core)) contained only water. To avoid transposition errors, we have retained 

our original estimates of depth. Thus, the top of the sediment layer and the 2006 A.D. age horizon is 

at 260 cm depth. 

Samples were processed in two different ways. Our initial samples were taken at 10 cm intervals. 

They were burned in an oven at 400°C and then sieved with stainless steel sieves and dried in an oven 

at 60°C. Our samples for dating and pollen analysis were not burned but were sieved in stai nless steel 

sieves and dried in an oven at 60°C. The sieved sam ples were divided into 3 differcnt size fractions: 

>150 )lm, >63 )lm, and >38 )lm. We also kept all sieving residues. The two largest size fractions were 

examined optically with a microscope with a maximum magnification of 110 ti mes. Interesting grains 

that did not look detrital were selected for examination with a scanning electron microscope. 

The scan ning electron microscope (SEM) analysis consisted of two parts. We first examined 

the samples usi ng an FEI XLJO ESEM in both secondary and backscatter modes. Second ly, we used 

the EDAX energy dispersive X-ray analyzer (EDS) to determine the composition of the sample. We 

combined all of th is data to determine the origin of each grai n. 

Layer A. 350-355 cm. Corrected uC Age: 1006±67 A.D. 

This layer contains four grains that appear either distally transported and/or impact related . The 

fi rst is a fresh basalt ic glass shard with no vesicles (Fig. 2). The nearest source of basaltic glass from 

recent volcanism is either along the mid-Atlantic spreading ridge (2800 km away) or in the western 
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Fig. I. Location map. Inset. Location of Black Rock Forest relative to east coast of North America. Large map: 
Red ci rclc: Location of Tamarack Pond. Gray circles: Locations of Sutherland Pond and ccntral administration 
building of Black Rock forest in Cornwal l. NY. Black Rock forest is in the Hudson Highlands just west of the 
Hudson River. Image from Geomapapp. 
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Fig. 2. Fresh basaltic glass shard and radiolarian. A. SEM image of glass shard . Note curved broken surfaces 
which are characteristic of glass. B. X-ray analysis (EDS) of surface of glass shard. Composition does not match 
that of any mineral . It does match the composition of basaltic glass. C. Radiolarian-species is not identifiable but 
the genus is Cenosphaera. D. Analysis of the surface of the radiolarian showing that is dominantly composed of 
SiD!. The minor AI, Ca, and C peaks may be from material coating the radiolarian test 
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Fig. 3. Glauconite microfossil cast and C rich spherule. A. Microfossil cast composed of glauconite clay. The 
cast is green in color. B. X-ray analysis (EDAX) of the composi tion of the microfossi l cast. C. Perfectly round, 
vesicular spherule. D. X-ray analysis (EDAX) of the composition of the spherule 

Un ited States (3700 away). The nearest Caribbean volcano is 2600 km away but Caribbean volcanic 

glass is generally morc silicic than basalt Thus, we infer that if th is basaltic glass is volcanic in origin, 

it has been transported a minimum distance of2800 km. 

The second grain is a radiolarian belongi ng to the genus Cenosphaera (James Hayes, written 

comm.). Cenosphaera is most commonly found in the mid-high latit udes 40°_50° Nand 400_500S or in 

upwell ing areas. It is very uncommon in the tropics [211. 

The third grain is a glauconit ic microfossil cast (Fig. 3). Close-ups of the grain show that it has 

morphology like that of other clay minerals. The compositional analysis matches the composit ion of 

glauconite. The last grain is a vesicular, perfectly round Carbon-rich spheru le with a smooth surface in 

between the holes. Round, vesicu lar C-rich spherules have been found in the impact ejecta layer from 

the younger Dryas [12]. 

Disc uss ion of O rigin of Laycr A 

Two ofthe components oflayer A are of undoubted marine origi n. Glauconite casts form exclusively 

in the mari ne env ironment, either within mari ne microfossil s or as a replacement of faecal pellets. 

Glauconite is considered to be so unstable that it cannot survive reworki ng [31]. The glauconite we have 

found is a microfossi l cast, most probably ofa foraminifer. The radiolarian is al so of marine origin and 

is most probably from 40° to 50° N or an upwelling region in the North Atlantic. A third component of 

layer A is a basaltic glass. Because the glass has no vesicles and no significant potassium, it is unl ikely 

to come from a continental basalt flow or an arc volcano. As basalt is deeply buried on older oceanic 

crust, the most probable nearby sources arc thc mid-A tlant ic ridge or thinly sedimented oceanic crust. 

If we look for mari ne sed iments in the At lantic that contain both glauconite and radiolarians, are 
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Fig. 4. Locations of marine sediment corcs containing both radiolarians and glauconite (source of data. Lamont 
core curator Rusty Lotti) 

between 40° and 50° N, and are close to a mid-ocean ridge, there are only three sitcs with the correct 

sedimentary assemblage and geographic location (Fig. 4). These sites are approximately 3800 to 4000 

km away from Black Rock Forest. 

Because these locations are so far away from Black Rock Forest, the only viable method for 

transporting the material to Black Rock Forest is an impact event. This hypothesis would fit with the 

inclusion of a perfectly round carbon spherule with a smooth surface in layer A. In known impact 

ejecta layers, there are many perfectly round spheru les with smooth surfaces of varying compositions 

[9, 23, 33]. The perfect round ness and smoothness of impact spherules is Ihe resul t of solidification in 

a vacuum or ncar vacuum produced by the impact. The carbon spheru les in layer A closely resemble 

carbon impact spherules from the impact ejecta layer oflhe younger Dryas [12]. The impact hypothesis 

has severallestable predictions. Because the impact must have been relatively large in order to produce 

a disccrnablc ejecta layer over 3700 km from the source area of its marine componcnts, it should also 

have produced a tsunami. Therefore, we have searched the geologica l record for a tsunami in the 

Atlantic somet ime between 939 A. D. and 1073 A.D. 

Tsun ami in the Atlantic between 939 A. D. and 1073 A. D. 

We have found tsunami events with the right age range in two locations. The firs t tsunami event 

has a known age of Sept 28, 1014 A.D [8, 16]. This event is reported in several different historical 

sources (Fig. 5). From the Anglo-Saxon chronicle iiand in this year on St. Michaels mass eve came the 

great sea fl ood widely through th is country and ran up so far as il had never done before and drowned 

many viis and of manki nd a countless numbem. 
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Table I. Locations and Azimuths to Tsunami Sources for Events circa 1014 A.D 

Location Max_Age, AD Min_Age, A. D. Azimuth Lat. Lo, 

Curacao-N 893 1028 N45E 12.37618 -69.1 2700 
Curacao-N 906 1045 N45E 12.39583 -69.15107 
Porth Cwyfan >1180 >1460 S47W 53.1 9125 -4 .50448 
Porth Terfyn >11 80 >1460 S43W 53. 18437 -4.46661 
Mounts Bay 1014 1014 unknown 50.1 2142 ·5.47675 
Kent 1014 10 14 unknown 51.1 1491 1.32091 
Sussex 1014 1014 unknown 50.82057 -0.16187 
Hampsh ire 1014 1014 unknown 50.81342 -1.22543 

The second tsunami event is in the Lesser Antilles. Two I~C dates ora tsunami (Table I) have the 

right age range to match the age of layer A [27]. The tsunam i camc in from the northeast of the Lesser 

Antilles [29], consistent w ith a source northeast of the Lesser A ntilles. 

Black Rock 
~ 

Fig. 5. Proposed source area of transported layer in Black Rock forest and locations of 1014 A.D. or circa 1014 
A.D. layers White circle: source area wi th glauconite and radiolarians in marine sedimentlhat a lso has young 

basalt close to the surface. Blue circle: Location of Black Rock Forest. Yellow circles: Locations of 

tsunami deposits that are circa 1014 A.D. (Caribbean) or have an exact calendar year date of September 

28, 1014 A. D. (Great Britain). A TrOws: Inferred direction to tsunami source derived from the elongation 

direction of tsunami boulder deposits. 

Discussion of Tsunami Data 

Of the three possib le impact s ites, the northern most s ite would not produce a tsu nam i in 

the Engl ish C hannel area. Either one o f the other two possib le im pact s ites could have provided 

a sou rce for the two known tsunami eve nt s on opposite s ides o f the Atlantic that occurred ahout 
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Fig. 6. Ammonium values in ice core samples. A: Am­
monium values in the GIS P2 ice core from Greenland [24. 
34}. B: Ammonium values in Ihe Taylor dome ice core 
from Antarctica [251 

1000 years ago. There is also a lack of tsunami deposits that are circa 1000 B.P. ncar Lisbon, 

Portugal. The bay in Lisbon faces southwest and contains tsunami deposits that are roughly the 

age of the 1775 earthquake and an older set of deposits that are rough ly 2440±50 B.P. in age [30J. 

The lack of tsunami deposits that arc circa 1000 years old near Lisbon can be ex plained if the 

source for the 1014 A.D. tsunami was somewhat north of the latitude of Lisbon (38.7"N). The 

tsunami data are therefore consistem wi th the hypothesis of an impact into the Nort h Atlantic 

above 40"N but cannot prove it. 

Ice Core Data and the Impact Hypothesis 

An impact origin for the tsunami in Great Britain in 1014 A.D. is proposed based on its association 

with a prominent ammonium anoma ly in the GRI P ice core [61. The youngest prominent ammonium 

anomaly in the GISP2 icc core is the same age as the Tunguska impact event (Fig. 6A) [4, 28, 35]. We 

have also fou nd a prom inent ammonium anomaly in the Taylor Dome ice core that occurs at the same 

time (August 13.1930) as an impact event in Brazil, South America [51 (Fig. 68). Thus, we infer that 

some ammonium anomalies in ice cores wcre produced by impact events. 

Conclusions: Layel' A 

A core from Tamarack Pond in Cornwall , NY has a layer conmi ning a transported radiolarian 

in association with a glauconite microfossil cast, low-K basalt ic glass, and a perfectly round, smooth 

carbon spherule. There are three LDEO cores in the north Atlantic near the ridge crest that could be 

close to the source of this layer. Because these cores are at! at [east 3700 km away from Cornwall, 

NY, an impact into the Atlantic is the only viable method of transport of glauconite, radiolarians, and 

basaltic glass to Black Rock Forest. 
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Fig. 7. Red coral with coccoliths in its interst ices. A: SEM photomicrograph of red coral. B: X-ray analysis of the 
composition of the red coral. C: SEM photomicrograph of coccolith from the interstices of the red coral. Species: 
Gephyrocapsa oceanica. D: SEM photomicrograph of second coccol ith from the in terstices of the red coral. Spe­
cies: Emiliana huxleyi 

The temporal correlation of circa 10\4 A.D. tsunami events in the Caribbean and Great Britain 

with the age of layer A provides furt her support for our Atlantic impact hypothesis. The azimuths of 

the tsunami sources for both events are consistent with a source area that is located close to two of 

our three proposed impact sites. The resu lts arc encouraging but not defin it ive. A search for a crater 

candidate must be undertaken ncar our proposed impact sites and the presence of thick layers of impact 

ejecta close to any crater cand idates should then be investigated. In addition, future work on the solid 

fraction of the 1014 A.D. horizon in the GISP2 core should show the presence of impact ejecta that 

includes marine components. Nevertheless, our initia l work is intriguing and a follow up shou ld be 

vigorously pursued. 

Layer B. 382-384 em. Age: 925±76 A. D. 

This layer contains at least one undoubtedly transported component, a red coral fragment with 

two coccoli ths trapped in its cells (Fig. 7). 

There is no red coral in the Atlantic Ocean ncar Black Rock Forest. Red coral is found predominantly 

in the Mediterranean Sea . However. the closestloeation with red cora l is the Cape Verde Islands. One of 

the coccoliths is Gephyrocapsa. The angle between the long ax is ofGephyrocapsa and the orientation 

of the bridge across the middle is called the bridge angle. The bridge angle varies as a function of 

the temperature in wh ich the coccolith precipitated . Bridge angles greater than 56 degrees denote 

equatorial associat ions [7]. The Gephyrocapsa in Fig. 7 is Gephyrocapsa Equatorial. Gephy rocapsa 

Equatorial lives at latitudes between I7°N and 17°S [7]. 
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Fig. 8. l lmenile grain with usual texture and splashed on Ni metal and calcium phosphate. The Ni metal appears as 
the bright drops on the upper left side of the image. A: SEM photomicrograph of ilmenite grain. B: X-ray analysis 
of composition of ilmenite grain. Some Mg and AI are included in the structure and th is is unusual. C. X-ray 
analysis of the composition of Ihe splashed on Ni metal. The Fe and Ti peaks arc from the surrounding ilmenile 
grain. All of the oxygen can be accounted for by the ilmenite. Thus, the Ni is likely to be Ni metal rather than Ni 
ox ide. D: X-ray analysis of splashed on ea phosphate 

The layer a lso contai ns at least one defi nite piece of impact ejecta, an ilmenite grain wi th 

splashed on Ni meta l and splashed on Ca phosphate (Fig. 8). In add ition, the layer contains one 

partially dissolved and apparently melted forami niferal foss il of a type that lives in brackish 

water. This layer is discussed in more deta il in a separate publication (Gerard- Litt le et a I. , in 

preparation). 

Layer C. 452-454 cm. Age: 28±92 D.C. (120 D.C to 64 A.D.) 

This layer contains glaucon ite rosettes on a glassy looking fragment, basaltic glass with lens 

shaped fract ures, a quartz grai n with ti ny mic rometer sca le Sn-rieh si licate spherules in holes in the 

surface, and titanomagnetite grains with odd craters on their surfaces (Fig. 9, 10, 11). Glauconite 

rosettes have been found in conti nental basal ts on the surface of cracks in basalt or on open 

weathering surfaces [17]. In one case, glauconite rosettes were discovered on the surface of samples 

from a borehole in basalt [18] . The metamorphic grade of the basa lt is extremely low. Basa ltic glass 

with lens shaped fractures has not been reported elsewhere, to our knowledge. We found three Sn­

rich silicate spherules fro m an unknown source on the surface of the quartz grain. The surface of 

the titanomagnetite gra in is extremely fresh, and it cannot have been exposed 10 weatheri ng fo r any 

length of time. The craters in the titanomagnetite grain are similar to craters produced by high speed 

proj ecti les. 
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Fig. 9. Comparison of glauconite in two different forms. A: Glauconite rosette on top surface of rock fragment 
from Layer C. 0: X-ray analysis of glauconite rosene to left. C: Microfossil cast composed of glauconite from lay­
er A. D. X-ray analysis of glauconite cast to left. NOle in particular the three iron peaks in both X-ray analyses 
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Fig. 10. Unusual components of layer C. A; Ilmenite grain with unusual craters on its surface. B: X ray analysis 
of ilmenite. C: Sn-rich si licate spherules in hole in quartz grain. D: X-ray analysis of spherules 
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Fig. II. Basaltic glass wilh lens-shaped fractures. A. Entire grain showing conchoidally fractured , fresh surfaces. 
There is no apparent cleavage. B. X-ray analysis of the grain in A showing a composition like that of typical 
basaltic glass. C and D. Close ups of the lens shaped fractures in the surface of the glass. Note that the length to 
width ratio of the fractures is about 10 to 1 with width measured at the center of the fractures 

Discussion- Layer C 

Some sort of catastrophic explosion must have produced the glass and the fract ured 

titanomagnetite . The basa lt ic glass has discernable K in it and could be derived fro m an explosive 

volcanic eruption. Thc closest volcanoes that produce K-rich g lass arc in the Caribbean. over 2600 

km away. However, Caribbean volcan ism is typica lly more silica rich than basa lt. The closest 

volcanoes producing basaltic rocks are ncar the mid-Atlant ic ridge. about 2900 km away [32]. 

Microprobe work on the chemistry of the basaltic glass is needed to determine its probable source 

a rea (Fig. II). T he Sn-rich sil icate spherules resemble impact spherules but arc not defin itive due 

to thei r small size. [f they a rc impact related the SI1 may be derived from the impactor. Impact 

ejecta from presumed cometary impactors have enrich ments in Sn, Sb, and Pb [20]. al l elements 

with low melt ing poi nts that arc thought to be enriched in comets. Th us, the presence of Sn 

does not necessarily tell us anyt hing about the chemistry of the source rocks for th is layer. The 

glauconite rosettes are der ived from basa lt that has never experienced hi gh-grade metamorph ism. 

With the data we have so far, the materials in this layer could be either from a continenta l impact 

event or a large explosive volcanic eruption . If the layer is from a continental im pact event, it 

could be derived from a local impact site in the Tri assic basa lt s of the Newark group. If so, the 

extremely small diameters of the spherul es imply a very small source crater only a few meters in 

diameter. Alternatively, if the layer is derived fro m an explosive volcanic eruption, it must have 

traveled over 2600 km from ils source volcano. 
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Fig. 12. Possible shocked quartz grain (unpolished). A: SEM image of surface of the grain. Three directions of 
planar features !Ire visible. The spacing between the planar fractures is less than a micron. one defining charac­
teristic of shock lamellae. 8 : X-ray analysis of the composition of the grain. C: Enlargement of the best-resolved 
planar features in Fig. A. Edges of the best resolved planar features are delineated by lines on the left side of the 
image. The height of the image is equal to a distance oD.1 micrometers. The planar features in this image have a 
spacing of much less than I micrometer and thus are clearly PDFs result ing from shock metamorphism [19] rather 
than metamorphic deformation features 

La)'er D. 490-494 em. Age: 327±113 R.C. 

Thi s layer contains two possible shocked quartz grains (Fig. 12). One of the two grains with 

shocked quartz also has glauconi te. The origin of the gra ins in thi s layer is unknown. In theory, 

the planar features in the grain are PDFs, as their spacing is much less than I micrometer 119]. 
However, the mainstream impac t community will not accept these grains as shocked quartz unless 

the grains are imaged in a pol ished thin section. More grains need to be characterized to pin 

down the source location and origin of the layer. The layer has the sam e age within error as the 

Chiem gau impact crater field. It also has the same age within error as a tsunami layer in the 

Hudson ll4] that contains the rollowing shocked minera ls: impact diamond (Ionsda leite), shocked 

olivine, and shocked ilmenite [ IO}. So far, shocked quartz has not been round in the tsunami layer. 

Our papers devoted to the tsunami laye r and the confirmed shocked minera ls in Ihe layer arc in 

preparation. 

Layer' E. 522-524 em. Age: 605±97 H.C. 

This layer contai ns a high-Mg carbonate microrossi l (Fig. 13). It al so contain s a glass with 

a composi tion si mi lar to Mg-rich pyroxene or basa lt and a g lass with a composition sim ilar to 

albite feldspar (Fig. 14). The latter glass appears vesicular but only in some areas. The layer also 

contains an optically translucent g rain with a su rraee that appears vesiculated in some places. 

The grain has an average composition akin to marine clay but has abundant bright material , a 

combination or Ni and Fe, on the surface. The Si in the sample can account for all of the minor 

oxygen in the analysis. 

Disc uss ion Layel' E. 

The combination of components in layer E (Figs. 13, 14, 15, 16) suggests an impact into an oceanic 

area, possessi ng a basaltic substrate covered by a thin layer or clay rich sediment . Some orthe basaltic 

g lass (Fig. 14) has a small percentage of K so it is most likely from a source that is not on a mid­

ocean ridge. The very high Ni content of the materia l splashed onto the clear grain in Fig. 15, and its 
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Fig. 13. Marine carbonate fossiL A: SEM image of marine fossil. B: X-ray analysis of composition of fossil. Note 
thai there is a sirong Mg peak, consistent with either aragonite or high Mg calcite. The carbonate contains about 
26 mol% Mg 
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Fig. 14. Basaltic glass with lens-shaped fractures. A: SEM image of black basaltic glass with lens shaped frac­
tures. 13: X-ray analysis of composition orthe glass 
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Fig. 15. Glass Grains. A: SEM image of grain with conchoidal fracture. 13: X.ray analysis of composition orlhe 
grain in A. C: SEM image of grain with conchoidal fracture. Parts of the grain appear vesiculated. 0: X-ray 
analysis of thc composition of grain in C 
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Fig. 16. Metal on Clear Grain. A. SEM backscatter image of entire grain. B. X-ray analysis of composition of 
grain matrix. C. SEM backscatter detail of grain showi ng melted, vesiculated surface and bright material of 
higher atomic number splashed on surface. D. X-ray analysis of composition of bright material (includes contribu­
tion from surrounding matr ix) 

apparent lack of oxygen, suggest an event that vaporized and reduced extraterrestrial material. The 

high Mg content of the marine fossil suggests a marine platform in very shallow water. The closest 

marine platform is Bermuda, over 1200 km away. However, basalt is not exposed near the surface in 

Bermuda; it is deeply buried by the subsidence of the islands over time. Because we arc seeing fresh 

basaltic glass, the source area most likely has very thin sed iment cover over a basalt layer. The high 

Mg content of the mari ne fossils precludes a source on most of the crest of the mid-Atlantic ridge, as 

it is too deep for aragonite or high Mg calcite to be stable. Taking these factors into account, the next 

most plausible source is near a marine hotspot or volcanic arc in the tropics. The closest hotspot islands 

in the tropics are the Canary Islands, over 5100 km away. The closest volcanic arc is in thc Caribbean, 

over 2600 km away. 

The size of the grains we have found is relatively large. Making an analogy to the average size of 

shocked quartz grains versus distance from the Krr impact site, thc source area for Layer E should be 

within 9000 km of Black Rock forest [26J. 

The hypothesis of an impact near the Canary Islands or in the Caribbean around 600 B.C. can be 

tested fu rther by looking for tsunami deposits of that age in Spain, Portugal and the Caribbean. Using 

ages determined by electron spin resonance dating (ES R), there is one tsunami deposit of that age on 

the Caribbean island of Curacao. The tsunam i source is NE of Curacao, either in the Atlant ic or in the 

Caribbean arc. An older tsunami deposit from Portugal has an uncorrected 14C age of 2440±50 B.P. 

This age overlaps with the uncorrected 14C age of the tsunami deposit in Curacao of251 1±43 B.P. Thus, 

it is possible that all of the ages are derived from the same tsunamigenic event. Ifso, the tsunami source 

is somewhere in the northern tropical Atlantic Ocean or the Caribbean arc. 
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Layer F. S42~S44 cm. Age: 794±83 H.C. 

Layer F contains a carbonate fossil from the ocean, glasses of many types, mineral grains and an 

iron chloride spherule. The carbonate foss il is high in Mg, implying a source in shallow water at low 

latitudes (Fig. 17). The glasses range in composition from high-Na silicic glass to high-Mg basaltic 

glass (Fig. 18). There are mineral grains as well. Fig. 19 (A, 8) shows a translucent pink grain with 

conchoidal fracture. It is most probably Mg rich garnet (pyrope) from a relatively high-grade terrane. 

Fig. 19 (C, D) is of a black glassy looking mineral with relatively high K, AI, and Si. It most resembles 

K~feldspar but the black appearance and minor Fe and Mg are typical of glass. Part of the grain is 

pulled back like the lid of a sardine can. The glass in Fig. 20 is basaltic glass. It has a pyrite spherule 

that is indenting and making a track in it. Fig. 21 shows a perfectly smooth FeCI spherule containing 

small amounts ofCr and Ni. 

A 

Fig. 17. High Mg carbonate fragment. A: SEM image of submarine fossil. B: X-ray analysis of surface of fossil 
near metal contamination from stainless steel sie\le 
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Fig. 18. Conchoidally fractured grains that appear to be glass. A: SEM image of optically clear glass shard . B: 
X-ray analysis of the composition of the glass shard. C: Optically clear greenish grain with conchoidal fracture 
and gouges. 0: X-ray analysis of the composition ofC 
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Fig. 19. Possible mineral grains, A: Optically clear pink grain with conchoidal fracture. 13: X-ray analysis of the 
composition of the grain in A. C: Optically clear grain with section pealed back like sardine can. D: X-ray analysis 
of the composition of the grain in C 

a 

A B 

c D 

Si 

AI 
Mg 

Na 

;. 

S 

Co 
II Fe 

Fe 

Fe 
I 

Fig. 20. Pyrite spherule indenting basaltic glass. A: SEM image of entire grain. Pyrite spherule is colored red. 13: 
X-ray analysis of the composition of the glass. C: Close up of iron sulfide spherule indenting glass. The pyrite is 
followi ng a single Irack. The offsct of the track is an optical illusion. D: X-ray analysis of the composi tion of the 
spherule 
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Fig. 21 . I ron chloride impact spherule. A; SEM image of smooth, perfectly round iron chloride spherule. B; X-ray 
analysis of composition oflhe spherule. NOle Ihe Fe, Cr and Ni peaks 

Discussion: Layer f 

Many unusual features of this layer arc most consistent with an impact event. Iron chloride is 

a common alteration product of meteoritic iron. However, an iron ch loride spherule with a perfectly 

smooth surface cannot be a simple ablat ion product of a firebal l or a small meteorite. Cosmic spherules 

do not contain large amounts of Cl. If the CI was added by alteration in situ, the alteration should also 

have roughened the surface of the spherule. The Ni in the iron chloride spherule provides further 

evidence of an impact origin. The basaltic glass that is being indented by an iron sulfide spherule is 

not volcanic glass. The formation of an indentation track without break ing thc grain or the spherule 

requires the indentor to have a very high speed. In addit ion, the iron sulfide spherule contains a small 

amount of Ni. As far as we know, this sort of feature has never been observed in volcan ic ejecta. The 

K-rich grain that has been peeled back like the cover of a sardine can is also hard to explain with 

normal earth surface processes. However, the high speeds and shock deformation that accompany 

impacts can produce fluid like deformation of solid material. The most unusual features of th is layer 

can all be interpreted as impact ejecta. 

The layer also contains material that is geologically normal but is out of pl ace in a fresh water bog. 

For example, Mg rich carbonates are typically found in tropical oceans, not in the ocean near New York 

City. The New York area has no active volcanoes, making the presence of fresh glass unusual as well. 

None of the fresh glass is vesicular. There is no pumice and the glass has highly variable chemistry. 

All of these features arc most consistent with material transported to this location by an impact rather 

than a volcanic erupt ion. 

There are several li nes of evidence leadi ng to the conclusion that the impact was under the ocean. 

First, there is the presence of a transported marine fossil from a tropical location. Second, an impact 

spherule composed of iron chloride would be most likely to for m in an oceanic impact where there is 

an ample supply ofCI. We have never heard of anyone finding such a sphcrule before. As most impacts 

that have been studied are conti nental, this is consistent with our inferences about the oceanic origin 

of the iron CI spherule. 

There is one piece of data that seems at odds with an ocean ic impact. This is the occurrence ofa 

broken garnet grain ofpyrope composition . This is the one grain that might be locally dcrived from the 
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Hudson High lands or glacial debris. It has probably not been transported for a great distance, as it is 

not rounded and it has a very fresh broken surface . The fresh conchoidal fractures on the grain surface 

might be from frost weatheri ng. Because, the origi n of the grain of pyrope is equivocal, it cannot be 

used to infer the location of the impact source. 

Conclusions· Layer F 

Layer F most likely originated from an impact into the ocean between 300 N and 300 S, where 

calcareous organ isms with high Mg contents are abundant. There are no known tsunami layers of this 

age in the Atlantic Ocean. The spectacular nature of the deposits suggests a large impact. The time 

series of tsunam i activity from western Australia shows a peak at 785±IOO B.C. [8]. The direction to 

the source for this tsunami is to the northeast of Australia . Thus, the most probable locat ion of this 

impact is in the tropical Pacific Ocean. Because many of the grains we have found are larger than 150 

micrometers in diameter, we use the data of [26] to infer that the impact source was with in 9000 km of 

Black Rock Forest. This rules out an impact source in the western Pacific or the Tasman Sea. 

We have found chevrons in Hawaii that point to a site to the northeast of the Hawaiian Islands. We 

interpret chevrons as tsunam i deposits produced by poi nt sources, i.e. landslides, impacts or volcanic 

eruptions. Chevrons cannot fo rm as the result of a tsunami generated by a line source such as a large 

subduction zone earthquake. The chevrons we have found in Hawai i are the on ly chevrons in the 

Pacific that poi nt to a possible tropical point source of tsunam i. There arc several sites along the coast 

of Baja Californ ia that have shallow carbonate pl atforms and thin sediment cover over basalt. These 

arc our candidate source areas for the impact event. Th is source area would explai n why we have such 

a spectacular deposit in North America. 

Layer G. 562·564 cm. Age: 1082±99 R.C. 

Layer G contains 6 shards of glass. None of the glass shards have vesicles and none have the 

appearance of volcanic glass. The most unusual of the glass shards is shown above. The surface of the 

glass contains three mari ne microfossils entombed in the glass. The microfossi ls have some rel ief and 

are not flat on the surface of the glass. Because the fossi ls appear li ke coccoliths, we infer they have been 

silici fied as they were entombed in the glass. Coccoliths are normally composed of calcium carbonate. 

Discussion: Layer G 

So far as we know, no submarine volcanic eruption has ever been observed to produce silicified 

marine microfossils. Recent experimental work on impact ejecta from South America has found that 

organic matter can only be prescrved in glass if temperatures are - 1600°C [23]. If temperatures arc lower, 

the organic matter will burn up. We infer that the sim ilar temperatures would be required to preserve 

silicified coccoliths. [fso, the glass fragment above (Fig. 22) could only have formed during an impact. 

There are no Holocene lavas extruded at temperatures above 1600°C. Thus, the most li kely 

explanation is that the si lic ified coccoliths formed duri ng a submarine impact. 

Possible Correlation to C limate Downturns 

Three of the seven layers in Fig. 22 have roughly the same age as prominent cl imate downturns 

(Fig. 23, Table 2). Layers 0, C and G have ages that roughly match those of cli mate downturns at 41 

- 22-



B 

Fig. 22. G lass shard wi th embedded si lic ified coccol iths. A. SEM image o f enlire glass shard. 0. X-ray analysis o f 
glass shard. C. D and E. Embedded silic ified cocoliths 
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Fig. 21 Time series of impaCI events compared to nOllvo!canic CI anomalies and climate downturns. A: Nonvol­
canie CI anomalies in the GISP2 ice core. B: Prominent climate downturns proposed by Mike Baillie based on 
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Table 2. Layers in Tamarack Pond Core vs. Climate Downturn and Tsunami Events 

Layer Name Ago C limate Downturn? Regional Tsunami? 

A lO06±67 A.D. No Yes, Atlantic 

B 925±76 A. D. No (nonvolcanic Cl) No 
C 28±92 B.C Yo. No 
D 327± 113 B.C. Yo. No ( local tsunami) 

E 606±97 B.C. No Yes, Atlantic 

F 794±83 B.C. No Yes, Pacific? 

G 1082±99 B.C. Yo. No 

B.C., 207 B.C. and 11 32 B.C. However, much more work remains before any of these layers can be 

linked unequivocally to a climate downturn. 

Layer B has an age that roughly matches nonvolcanic CI anomalies at 921 and 923 A.D. in the 

GISP2 ice core. This is important because the largest nonvolcanic CI anomaly in the last 2000 years is 

at 536 A.D. The nonvo1canic CI anomaly at 536 A.D. corresponds 10 a ti me of greatly increased input 

of impact ejecta into the GISP2 ice core [2]. The increased input of impact ejecta matches the time 

of a dust vei l event that lasted from March 536 until August of 537. Thus, at least one nonvoJcanic CI 

anomaly and cl imate downturn can be linked precisely to impact ejecta. The present data is intriguing 

but cannot prove that impacts produced the climate downturns at 41 B.C., 207 B.C. and 1132 B.C. In 

the short term, more work is needed to more fully characterize each layer in the Tamarack Pond Core 

and also to pinpoint the depths of maximum concentration of impact ejecta. In the long term, all of the 

layers must be located and precisely dated within icc core samples. 

Relationship to Tsunami 

The layers that we have not been able to relate to climate downturn s or nonvolcanic CI 

anomalies are those that have the same age as regiona l tsunam is. Two of the postulated tsunami s 

arc in the At lantic and might represent smaller impact events. If the third tsunami started in the 

eastern Pacific and reached Australia, it should have been qui te large. We do not know why the 

third event did not produce a climate downturn. Perhaps it occurred in relatively deep water and 

produced less dust to cloud the atmosphere. Clearly the water depth of impacts is important. 

I f we assume that most of these impactors are just barely big enough to produce a crater, an 

impactor that hits deep water should produce less atmospheric du st and more water vapor. A 

tsunami or igi nati ng from a deep-water impact event will have a greater ini tia l wave height and is 

more likely to travel long distances wi thout significant attenuat ion. Thus, the inverse relationsh ip 

we see between climate downturns and regionally sign ificant tsunami makes sense in terms of the 

amount of dust generated by sha llow water impacts compared to deep-water impacts. Because we 

infer a very high Holocene im pact rate compared to the long-term rate of impacts, the simplest 

assum ption to make is that most impactors arc ({small», just above the threshold size needed to 

generate widely dispersed atmospheri c dust. 

Further testingofthe relationship to tsunami will req uire searches for impact ejecta within tsunami 

layers. We have found evidence of impact ejecta within a loca l tsunami layer in the Hudson River that 

is circa 300 B.C. [10]. Thi s layer conta ins impact diamonds and shocked mi nerals. The impact ejecta 
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were found in layers deposited below mean sea level. Particularly in the Atlantic, tsunami layers from 

bogs and marine cores need to be routinely examined for impact ejecta. Only then can we determine 

how many tsunami events are produced by impacts. 

Summary of Resulls 

The seven youngest layers in a bog core from Cornwall NY all contain exotic components 

that did not fo rm in the Proterozoic age basement of Black Rock Forest. Six out of the seven layers 

contain material that is difficult to explain except with an impact event. The youngcstlayer, layer 

A, contains probable impact glass, an equatorial radiolarian, a probable impact spherule, and a 

glauconite fossil cast. It is also temporally associated with an ammonium anomaly in the GR IP 

icc core and tsunami deposits in Great Britain and the Caribbean. It may have a calendar year age 

of 1014 A.D., thc agc of the ammonium anomaly and thc tsunami event in Great Britain. Layer B 

contains transported red coral and a grain with native Ni on its surface. Layer C contains glauconite 

rosettes, a fresh glass fragment, tiny Sn-rich silicate spherules, and titanomagnetite with odd craters 

on its surface. Thi s layer may have a local source from a sma ll impact or it may have a di stal 

volcanic source. Layer D contain s possible shocked quartz grains that must be further verified. One 

of the quartz grain s appears to be associated with glauconite. Thi s layer cou ld have a local or di stal 

source . Layer E contai ns a transported marine microfossil fro m the tropica l ocean , a basaltic glass, 

and an albite feldspar or albite rich glass. It also cont ai ns a glassy grain with splashed-on Ni metal. 

All of these components suggest a tropi ca l source. Layer E has the same age as tsunami deposits 

in Portugal and Curacao. 11 may have originated from an impact into the tropical Atlant ic. Layer F 

contains a rich variety of material that is likely to be impact-related: an Fe chloride impact sphcrule 

with trace Ni, impact glass indented by a pyrite spherule with trace Ni, and numerous other glasses. 

It also contains a high Mg carbonate fossil that was transported from the tropical ocean. Based 

on its rich assemblage of material and data on point sources of tsunami in the Pacific, its probable 

source area is in the eastern tropical Pacific. Layer G contains silicified coccoliths entombed in 

impact glass. 11 most likely formed during a low latitude impact event. Most of our data suggests 

long di stance transport of exotic material , in particular fresh glass, marine fossi ls, Ni rich material, 

and possible impact spherules. However, we have not yet identified unequivocal shocked minerals or 

impact diamonds in any of these layers in the Tamarack Pond core. This will be required to convince 

the main stream impact community that we have found impact ejecta. Our results are tantali zing and 

exciting, but are still eq uivoca l. 
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Heo6bllfHbie lfaCTMUbI B np06ax In KopHBaJla , 

lUTaT Hbio-MopK' - I1MelOT JI " OHM "MnaK'THOe npO"CXmKlleHl1e? 

.ll. A66orr, n . .lllKcpapll-Jl HTTJla
, C. KOCTca

, 

CT. KOCTCa, .ll. 6pcrcp6, C. XaCJ1CTTK 

a KOJlYM6uiicKIIIl ylll(6epCUmem, 

CiliA 10964, HblO-ftOPK, naJII(CaOeC 

6 MUKp02pa(pU'(eCKUe I1cKyccm6a, 

CiliA 12833, HblO-HoPK, rplIHrpllJIO CeHmp 

B YHll6epcumem Y3J1bCa, 

Be.nllKo6pumaflltR N P18 3QT, IOJlCHblli Y3J1bC, HblOnop m 

Mbi 0611apYXIIJlII Ce,l/b omoellbllblX npOCJlOeK 6 np06ax OOI/l/biX OCadK06 113 Kopl/6alla. IIImam 

HblO-f!OpK. pacnO.WXellllblX OKOIIO 80 K,I/ om AmJlQ/WIII'feCK020 OKealla. Bce npoclloiiKII np06b1. 

KpO,\le 06YX. cooepxallll ,\lamep'WII. Komopblll 6P1l0 JI ll 1I6J1l1emCII .lIecmllbl.-l/. B 60llbUII/IICm6e 

CIIY'IGe6 31110111 .lIamepllaJl 6 npOCIIOI/Kax nepel/ecel/ 3a mblCII'f1i KIIJlO.-l/e lllp06 om paJ/ol/a IIX 

60311l1K1I06ellllll. lJJecmb 1/3 ce,1/1I npOCJlOeK mpyol/o 06b1lClllllllb. IICKIlIO'1II611,lInaKlllllblii npo/lecc. 

ECJllI6Ce 311111 npocJloiiKII nOIlY'Jellbi OIll/U/fIaKmlfblX 603deiicm611ii 6 pe3YJlbllWme 6031111KII06ellllR 

"pamep06, 1110 3mll oal/I/ble lIoopa3y.lle6alOlII O'felfb 6b1COKlle 'faCmOlllbi/UlllaKmllblX 603deiiclll611ii 

6 nepl/Od n03olle20 2 0 JJOI{ella. Kpo.l/e 11102 0 .. I/bi C,1I0 2J11/ C6113amb 06e npoclloiiKU. COdep;)ICalilue 

'wcmllllbi om 1/. lInaKlllllblX 6030eiicm 6l11i, C O{lllllbl,1I1I 0 /IY/W.IIII. KOlllopble OX6alllbl6all ll 

AI/IJlalfmll'feCKUli OKeal/. £CJlII 3 mo omKpblmll e nOOlll6epdUlllcR daJlbl/eiilllll,IIIIIICCJled06{11/III1.IIU. 

mo :)/110 1I00pa3YMe6aem 20pa300 60JlbWYIO onaCIIOClJlb 'fY'fG .. 111I 6 Amllall lllll'l ecKO,1/ OKealle. 'leM 

co06111allocb pallee. 
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K JlKJ'leBbie Cfloea: CIWPOClllb ocaOKOIWKOnJleIlIlR. IIIpallCnOpl1I IWllocoe. QlWJlU3 C no.llOu/blO 

c KallllpYIOII/ez o ~JleKlllp01l11020 ,IIllKpOCf,:ona (C3M). IIpOCflO{If.:a C eKJllOlfellWI.MII Bel/,eclllea 

1I, lmaKI1IIIOii npllpOObl, ZllnOllle3a IIMnaKlllllbiX e030eiiclIIBl/ii e n0301le,1/ z Ol lO/lelle, o/WCIIOClllb //Y'WMII 

B AIIIJlall lllll'teCKO,1/ OKealie. 


