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Abstract

This paper includes a discussion on the effectsetearite impact had on the Serra da Cangalha
region in northeastern Brazil and the resultantr@mwental perturbations that occurred in the
region. These environmental perturbations weree lagpough to seriously affect the earth's
global environment after the impact. The effectsso€h an impact on both the land and the
atmosphere constitute the focus of this paper. Sfielots include ejecta dispersal, shock wave,
landslides, global widfres, clouds of dust, anderall atmospheric cooling. The result of these
effects had in the past been and would in theduhe the devastation of many of the organisms
Iving at the time of the impact. Such a major andiden change in the conditions of the planet
would result in a huge depletion of biomass. Usimg Pi-scaling relations, we deduced that the
impactor propably came from a northwest-to-southéagectory at a low angle of 250 30.

The geodynamic interpretation indicates that anaghpenergy equivalent to about 1.8 x*10
Megatons of TNT was released during impact. Thisrggnis wel below the stipulated nominal
threshold for global disaster (3 x ®l0legatons of TNT), but is within the range desatites
subglobal disasters. A ground impact of the prigeetould have set up an atmospheric blast
wave that delivered key peak pressure at a maxinaglins of 156 km. This could have resulted
in an earthquake surface-wave magnitudes) (8F 9.2, a rough proxy for Richter magnitude
leading to a substantial damage in the region.,As@eak shock pressure of about 47 GPa was
generated during the impact. This peak shock messuwell below the levels necessary for
generating melts which explains the low melt volufmend. Based on our research findings, we
deduce that the impacts from earth-crossing obj@gteroids and comets) that struck the Serra
da Cangalha region about 300 milion years agon@ugh to have devasted the local ecosystem
and biota leading to a high mortality rate at ttae.
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I ntroduction

Of recent, the interest in studying impact processe earth has increased tremendously because
it has been recognized that these processes acetampgeologic events. Besides, the evolution
of life on earth has also been severely affectedhByimpact of large extraterrestrial projecties
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(asteroids and comets). The earth and its inh#&bitare in constant danger of earth-crossing
objects (ECO) impacting on the earth as the emhaltt the center of a cosmic shooting gallery
consisting of asteroids and comets. These objexts through space at veloctities relative to the
earth of up to 75 times the speed of sound. Thesaterrestrial objects are materials left over
from the formation of the solar system and are chlisimaterials that never coalesced into
planets (Tyson, 1995). As the earth revolves arotna sun, it periodically passes close to
orbiting asteroids and comets, producing near-adojbct (NEO) situations which on impact in

the earth usualy leave behind fingerprints caledpact craters. Impact craters contain
ecosystems that are often very different from therosinding ecosystems. Impact events are
uniqgue in that they are the only extraterrestrigicianism capable of disrupting an ecosystem
locally in space and time (Cockhell and Lee, 2002).

Kring, (1997) showed that the biological conseqasnof impact cratering depend on many
factors. These include the energy of the impachteuwbhe type of target materials, the type of
projectie, and the ambient conditions on earththet time of impact. The consequences may
range from the death of individual organisms to tiwemplete extinction of species. Whie the
former can be the direct result of an impact every., shock wave-induced hemorrhaging and
edema in an animals lungs, the former is the entliresult of impact events caused by the
shutdown of photosynthesis by a global cloud ofaitpdebris and production of very harmiul
gases and dust that eventualy led to their ektimc{see Alarezet al 1980). When the
environmental effect is largely regional, the clasngnust overwhelm the migratory capacity of a
species or last longer than its dormant capacityhe®Wthe effect transcends geographical
boundaries and becomes global, the change mustapel relatve to the time scale of
evolutionary adaptation or, last longer than thernm@mt capacity of a species. Many
environmental effects that could lead to extinctimmve been identified of recent. (e.g., Alarez
et al, 1980; Bohoret al, 1984; Venkatesan and Dahl, 1989; Hiderbrand Boghton, 1990;
Izett et al, 1991; Cheetham and Jackson, 1996; Smith areh]eft998, 2000).

A meteorite faling to the earth can have many diisas effects on the land. Some of these
effects are discussed briefly. Kring, (2000) sutggkghat in the immediate vicinity of the impact
crater, a shock wave, an air blast and heat am@lyupnoduced by the impact explosion that wil
eventualy affect the entire ecosystem. A metederiag into earth’'s atmosphere wil first send a
shock wave into the air. The friction the meteazates while traveling through the air wil cause
its temperature to dramaticaly increase. The astbivil cause impact winter. The winter occurs
through dust blasted into the stratosphere blockiofy sunlight, and plunging the earth into
darkness and refrigeration. This refrigeration wifset greenhouse warming via volcanic £0
release into the atmosphere that triggered climascming. The high temperature often causes
smaller meteorites to completely burn up beforey tlach the earth (Nelson 2000). Even when
meteorites actualy hit the ground, they are hardind. Most meteorites that fall in tropical areas
are destroyed on a time scale which is short caeptr the rate of infall (Blandt al, 2000). As
the ECO strikes the earth, massive amounts of ahgtsmall pieces of rock are sent up into the
atmosphere. This cloud of dust and rock is digetbuacross the earth. The consequences of this
are extremely serious for the biota of the plamée dust and rock wil block sunlight, keeping it
from getting through the atmosphere. Day thus besoas dark as night for months at a time.
Freezing conditons occur in the oceans, away fitben coastlnes. Without sunlight, the life-
supporting process of photosynthesis ceases irsp{@aine, 1999). Dott and Prothero (1994)
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also suggested that the cold and darkness wouldecthe collapse of the food chain. The
disappearance of plants would break the food chats the carnage would begin (Courtillot,
1999). Toonet al, (1994) showed another major effect of ECO imipgabn the earth is global
widfres or firestorms. Firestorms are perpetuabgd massive amounts of methane gas that are
released from the earth by the collision. Lightrian ignite the released methane gas. When the
ECO strikes, it shakes up the earth, thereby rogtine pockets of methane that are trapped in
gas hydrates. As this fire is fueled by extraomjinavels of methane gas, the atmosphere itself
would also be on fire. The fres would incineratebgl flora and fauna. The blaze would also
decrease oxygen supples and increase levels dforadioxide instigatng a run-away
greenhouse effect, a major, overal heating ofptheet (Paine 1999).

Over 150 surviving impact craters have been foumdas on earth ranging in age from under one
milion years to more than 2000 milion years (Celcland Lee 2002). Only 11 impact craters
are known in South America and eight of them areatled in Brazl. These are, Domo de
Araguainha, Serra da Cangalha, Riachédo, Vargedw,Miguel do Tapuio, Colbnia, Cerro Jarau
and Piratininga (Crosta, 1987, Hacheb al, 1996). Two other craters are located in Argentina
(Campo del Cielo and Rio Cuarto) and Monturaqtinés only one located in Chie (Fig. 1). They
all range from small simple craters (ranging frassl than 2 km to 4 km in diameter) to the large
complex craters (Pikington and Grieve, 1992). &esand impact versus frequency graph is
shown in Fig. 2.

During the twentieth century, several impacts amrnmisses were recorded on earth. For
example, in 1908 a stony asteroid of approximaf€lymeters in diameter exploded in the air
above the Tunguska River in Siberia, producing quvalent TNT yield of 15-30 megatonnes
(MT) and leveling over 2,000 square mies of defisest. Had the Tunguska event occurred
over a populated city, the results would have besastrophic. In 1937 and again in 1989, large
asteroids passed uncomfortably close to the ed@hh. 1989 asteroid would have unleashed the
equivalent of more than 40,000 megatonnes of TNd ihampacted. More recently, in 1994,
astronomers cautiously watched as a smal astenmded the earth by only 60,000 mies. In
1996 comet Hyakutake passed within nine milioresnibf earth [0.1 astronomical units (AU)],
the nearest comet approach in six centuries. Yetlibdy was discovered only three months
prior to its closest approach to earth (HyakutaR86). The Hiroshima weapon was estimated to
have had an explosive power equivalent to 18,00Me® of TNT. The destructive power of
these weapons are both enormous and horrific. Henvethey provide the only cognitive
benchmark useful to conceptualize the environmemiphct effects of the energy of the earth
impactor (asteroids) that struck the Serra da Gmnga&gion about 300 Ma ago.
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Fig. 1. Publisher: Pls Insert from Pdf fie

Fig. 2. Insert too

A better understanding of the environmental effemsultng from impacts would assist in

having a realistic assessment of the danger th&sEose to mankind. The principal objective
of this paper is to contribute to the scientificoutedge of the environmental problem caused by
the ECO impact that occurred in the Serra da Clamgakgion (State of Tocantins) northeastern
Brazil about 300 Ma ago. It also gives an insight ithe geodynamic formation processes of the
crater through Pi-scaling relations and the impaatnt energy (Megatons of TNT) released in
the region.
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Regional and Local Geology of the Study Area

The South American continent was classified inteeghtectonic provinces: the South American
platiorm, the Patagonian platiorm and the fold Hmit Schobbenhaust al, (1984). Braz is
located within the South American platiorm with kmsement rocks formed by the Archean
rocks and the Late Proterozoic mobie belts. Fumbes, Cordani and Neves, (1982)
characterised the geology of Brazi into four gsughe cratonic areas and smaller cratonic
fragments mobilized during the Brasiiano cycle Q78 500 Ma), mobie belts of the Brasiiano
cycle, and the Precambrian and Phanerozoic sediryenbver.

The cratonic areas of Brazil are subdivided intar fgroups. These are the Amazonian craton
situated in the northern area, the S&o Francisatorcriocated at the northeastern margin, S&o
Luis craton northeast and the Luis Alves cratonghénsouth. The Brasiiano cycle mobie bett in
Brazi is divided into the Tocantins province, tB®ias massif and the Brasilia belt. Cordani and
Neves (1982) described the Goias massif as a mosaid cratonic fragments of different
origins now juxtaposed and overprinted by the amogeycles during the Middle and Late
Proterozoic era.Borborema province in the northeast is composedgmissic-migmatitic-
granitic massifs and metavolcanic-metasedimentaly belts. The Ribera and Dom Feliciano
belts occur in the southeast (Fig. 3).

The Paleozoic intracratonic sedimentary basinsinvihe oldest geological provinces of Brazil
are represented by the Amazon, Solmdes, ParnRibigcis and Parana basins. Fraetaal.,
(1995) andTankardet al (1995) observed that many of the Paleozoic andoltsc rift basins
of South America exploited the pre-existing baseénsmctures avoiding Archaean cratons. The
study region, Serra da Cangalha is located witienRarnaiba basin. A brief description of the
regional and local geology of the study area isrgibelow.

The Serra da Cangalha meteorite impact cratertgteucFig. 4) is located on longitude 46°52'
W and lattude 8°05'" S in northeast Brazil. It ascwithin the intra-cratonic Parnaiba basin
consisting of Upper Silurian to Cretaceous sedmamgncovers. The structure is one of the eight
known impact craters in Brazil (Crosta, 1987). dtthe second largest impact crater in Brazil
with a 13 km diameter estimated from satelite inagMcHone 1979). Santos and McHone
(1979) provided strong evidence that supports aeomét origin for this crater through the
discovery of shatter cones in the quartzite bosidef the Poti Formation. Crosta (1987)
recognized features due to shock metamorphismeatehter of the crater, such as shatter cones,
shock lamellae, and impact breccia. A distinctftagl annular trough and a circular central ring
that has a diameter of 5 km and reaching a hefgletbout 300 m characterize this crater (De
Cicco and Zucoloto 2002). The geologic evidencen s&tethe site rules out an endogenic origin
due to igneous intrusion or salt diapir. Igneousksoare entrely absent in this region and the
sediments underlying the structure do not contgnificant carbonate or salt units. The crater’s
shape (semi-circular, open on northwest quadsugpests oblique impact on a northwesternly
trajectory (Fig. 4). The horseshoe-shaped strudtige 4) also provides morphological evidence
for identifying the Serra da Cangalha feature asmgact crater. The rimless northwestern part
of the structure is the result of the impactor thmtick that region. An impactor having a low-
angle trajectory is consistent with the arcuatéerathan circular form of the Serra da Cangalha
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impact structure. The NNE - SSW trending faults tiea western flank of the structure close to
the open quadrant in the northwest are interpregedave resulted from extensional rebound and
gravitational sliding of sediments in the centrataa Series of concentric or arcuate bounding
fautts (CPRM 1972) have been observed on the eutswrgins of the structure and may
represent detachment surfaces commonly found imciasen with crater impacts (Melosh

1989).

Fig. 3. Publisher: Pls insert

At the Serra da Cangalha impact site, the targek monsists of thick Paleozoic sedimentary
rock. The crater structure is buried under abo@Olth of Devonian-Carboniferous sedimentary
country rocks. These consist of the Pennsylvanidgaui PFormation (323 — 290 Ma),
Mississippian Poti Formation (354 — 323 Ma) and thgper Devonian-Mississippian Longa
Formation (365 - 354 Ma). Outside the crater, arittinvthe annular inner depression of the
structure, these sequences reach a greater tiickmas above the buried rim that surrounds this
depression. Borehole dat&€PRM, 1972) showed that the crater’'s annular idegression is
fled with impact-derived materials (consisting aflochtonous monomict breccia) as well as
minor impact melt bodies.

83



Fig. 4. Publisher: Pls insert.

M ethods

The geophysical environmental impact assessment peformed using the Holsapple and
Schmidt, (1982)Pi-group scaling relations contained in Melosh @9%Also, the environmental
pertubations caused by the impact of ECO in SeaaCdngalha region was studied using the
various relations proposed in Toat al (1994). These two relations formed the framework
within which environmental geophysical impact ass®sit of the Serra da Cangalha structures
was studied. The most significant environmentatyoleations were the direct and indirect result
of ejected debris that rained through the atmosphes first postulated by Alarez al. (1980).
This material was carried in a vapor-rich plumet tt@se through the atmosphere into space.
Once above the atmosphere, it expanded on batiafiectories, enveloping the whole Earth as it
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fell back into the atmosphere. In addition to thestdin the vapor-rich plume of ejecta, several
important gas species were entrapped.

In this study, an asteroid ECO was assumed to éamthst probable impactor in the study area.
The Holsapple and Schmidt (1982) Pigroup scaliyg Was used to calculate the size of the
bolde, impact energy, angle and crater formatione tand the transient and final crater
diameters.

Results and Discussion

The results obtained from the modeling using thescBing relaton are shown in Table 1.
Impact-crater melange, at least 50 m thick, waslyliformed by mass movement from the
transient crater rim commencing after the first th020 sec. The results suggesP a8 the most
favourable angle at which a 13 km final impact erdtaving a typical scenario lke the Serra da
Cangalha could have formed. The impactor is ednab have been about 535 m in diameter.
The results (Table 1) indicate that the astero@ #truck the study area released, on impact,
energy equivalent to 1.8 x 4Megatons of TNT (or 7.53 x 2®erg). It was thus opened a 6.50
to 8.45 km-diameter transient crater within apprately 16 sec. It is noted that such sudden
energy release is well below the nominal thresHold a global disaster. That threshold was
estimated to be 3 x ¥Megatons of TNT (or 8.4 x 20 erg) by Tooret als (1994) calculations.
However, it is within the range that Morriseh al (1994) describe as subglobal disasters. Most
of the energy of impact is created by the conwversib hypervelocity into excavation of target
materials.

To put the energy released at Serra da Cangalpergpective and answer the question of the
effect that the impactor had when it struck thedytarea required the use of Morrisenh al's
(1994) formular. The formular relates average nunddefatalties (N) with the impact's megaton
yield (Y): N = 16Y06%6 With Y value of 1.8 x 1§ the number of fatalties is 682,356.
According to Morrisonet al,. (1994), the area of forest devastation and dédistnuof buildings

is given approximately by A = 1909666 where A is the devastated area in hectares aisdthé
yield in MT equivalent of TNT. On a vegetated plaioth atmospheric peak-overpressure wave
and infrared flash-burn combustion due to impactldvdiave devastated a region estimated to
have comprised 6.82 x 4Mectares (or 2.63 x 1@) in the Serra da Cangalha (where Y = 1.8 x
10%). The calculation of the land devastation effentl ahe environmental impact the meteorite
(ECO) probably had in the State of Tocantins inzBmahere the Serra da Cangalha is located,
are explained as follows: The State of Tocantirs didand area of 2.87 x 1@ectares (or 1.1 x
10> mP). The meteorite would thus have destroyed 24% hef land-mass of the State of
Tocantins. The approximate economic loss from itgpdoelow global threshold values is
computed by the formula:svV= 6 [In (Dnax50)], where hax is the maximum estimated fatalities
(same as larger N previously computed) ardisveconomic loss in milions of dollars (Morrison
et al, 1994). Using the foregoing formula, an econorogs | suffered from an impact lke Serra
da Cangalha is estimated as $57.1 milion if sucimpact had happened in recent times.

Table 1. Results showing the Pi-Scaling Relation at Serra da Cangalha impact site

| Impact | Impactor | Transient | Final |
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angle | Energy crater crater
diameter | diameter
(MT) (km) (km)
9Ce 1.8x1¢ 8.4z 17.1(
450 | 1.8x1¢ 7.5C 14.9(
40 | 1.8x1¢ 7.21 14.3(
35 | 1.8x1¢ 7.0C 13.7(C
3C° [ 1.8x1¢ 6.6¢& 13.(0
250 | 1.8x1¢ 6.32 12.2C
2C° [ 1.8x1¢ 5.8¢ 11.2C
1% [ 1.8x1¢ 5.37 10.0(
1Ce 1.8 x 14 4.7C 8.57
50 1.8 x 1¢4 3.7¢ 6.54

As with nuclear weapons, maximum damage is infictey a blast wave generated not on the
ground, but rather at a critical atitudeo)(twhich equals 2.333 km, where E is explosion
energy in MT (Tooret al, 1994). We obtain a blast wave generated at ieatwttitude, b equal

to 47.7 km. Impact blast waves have an abrupt prespulse followed immediately by a
substantial wind (Toomt al, 1994). Also, peak over-pressure, defined as ifferetice between
ambient pressure and pressure of the shock framyacterizes shock waves. Key peak
overpressure, for a ground impact occurs in an dm@@ng a maximum radius equal to
5.08(F-333 km, where E is the adjusted impact energy in Ntega of TNT. E is adjusted
according to E = qY, where q is an empiricaly deteed constant, (0.5), and Y the kinetic
energy yield in MT (Tooret al., 1994). At Serra da Cangalha, a ground impact whaie set
up an atmospheric blast wave that delivered ke geassure at a maximum radius (r) of 105
km. The Toonet al., (1994) equation for maximum radius (r) of key pga&ssure contour after
an atmospheric detonation at afttude h (in kmy is:[2.09h - 0.449E©-333 + 5.08E-333. For
Serra da Cangalha, impactor detonation with maxiradjosted yield (E) equal to 9000 MT and
at critical alitude, & equal to 47.7 km, the maximum radius of key peatssure would have
been 156 km. At Serra da Cangalha, intra-astefuigkswave traverse time was 1.38 x310
seconds.

To estimate the surface seismic effect of the SdaaCangalha impact, we used the magnitude
Ms in the Gutenberg-Richter scale formulation of Kaoa and Anderson (1975). This is given
as log = 4.8 + 1.5 M, where kis approximately 0.05 of the kinetic energy of talosion
(~7.53 x 16° Joules). Thus, an earthquake surface-wave magnithl), a rough proxy for
Richter magnitude, would have beend.2. We infer that substantial damage must haweirced

in the Serra da Cangalha region after the impdat i§ comparable to the damage that occurred
at the 1906 (San Francisco), 1964 (southern Alaskaj 1985 (Mexico City) earthquakes. For
example, the 19 September 1985 Michoacan (Mexiemhguake (M=[8.1) was the most
severe natural disaster in Mexico’s seismic histttncaused over 10,000 deaths in Mexico City
and left an estimated 250,000 homeless (Astial. 1987; Bolt 1993). A study by Melosh (1989)
showed that the destructive effects of impact-gdadr seismic waves are not expected to be as
severe as those of an earthquake of the same wdagghiecause an impact impact generated
generates mostly P-wavewhereas an earthquake generates more destruetiaves. A rule of
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thumb that he developed confrm that an impactigeed seismic disturbance is equal in
destructiveness to an earthquake one magnitude Téwd is the basis for our comparison.
Moreover, Adepelumi (2003) employing 3D magnetaiel modeling discovered a considerable
reduction in the resistivity of the rock formatioms the upper crust of the crater region. Simiar
observations were made by Masexp al, (1997) for the Araguainha crater (Brazi), Zipaat
al., (1988) for the Siljan impact region (Sweden) andrt€s et al., (2002) for the Azuara
structure (Spain). Also, Grieve (1984) and Amtr al, (2002) showed that the shock waves
created by the impact event would normally fractilne crust possibly down to the upper mantle
levels.

The origin of briliant light flash accompanying laypervelocity impact was first discussed by
King, (1976). He attributed this phenomenon to ithwzation of gasses at the instant of impact,
as wel as the ejection of incandescent molten riabtitom the interface between target and
projectie. Visible spectrum radiation would causemediate flooding of the atmosphere with
white light. Infrared wavelengths cause a thernaaliation impulse with fire-ignition effects that
are subject to a scaling-law function. According Aolushkin and Nemchinov (1994), the
threshold of fire ignition based upon nuclear wewspdesting is 10 erg/lcd. Therefore the
maximum burn area (A and maximum burn radius {jRcan be calculated assuming a clear day.
The energy budget of Serra da Cangha region ik However, assuming a 25 percent
thermal-radiation budget of Serra da Cangha mamirkinetic-energy yield (i.e., 1.8 x 1MT),

E, the energy budgeted to thermal radiation was 4800 Adushkin and Nemchinov (1994)
scale A = 30k kn? and R = 3E%° km was also employed. For Serra da Cangha osaa dhy,
maximum burn area, rfAwould have been 135,000 krfor 1.35 x 10 hectares), and maximum
burn radius, R 201 km.

The global atmospheric effects of Serra da Cangadpact is not minimal since the obtained Y
value is 1.8 x 10 Megatonnes of TNT. Numerical simulations in MelgB89) suggest that 150
MT is the threshold for a phenomenon called atmesplblowout. Here the expanding gaseous
freball bursts through the top of the earth’'s aphere. It then releases rising gases with
entrained ballistic material including glassy blofiektites and micro-tektites), shocked minerals,
and dust particles into the vacuum of space. K(RQOO) suggested eight global and local
atmospheric effects of any impact event large gmda register a crater equal to or exceeding
6.5 km. These are (i) coolng and photosynthetgpeession due to atmospheric dust loading,
wafted soot from large-scale fires, shock presgarerated nitrous-oxide, and target-generated
SQO;; (i) large-scale fres and associated atmosphapction of pyrotoxins; (i) acid rain from
pollution by burning, nitrous-oxide generation, a8@; injections; (iv) ozone loss due to nitrous-
oxide generation; (v) mechanical pressure effeate tb shock waves; (vi destruction and
drowning due to tsunami; (vi) global warming dwe O and CQ injections; (8) and water,
food, and soil poisoning due to heavy-metal digpergToonet al, 1994). Since the Serra da
Cangalha impact structure is 13 km in diameteris itconcluded that the area would have
undergone all these effects after impact as ittypieal terrestrial crater.

Impact melt is generaly interpreted as a productwaste heat created by shock pressures
exceeding 50 - 60 GPa (Engelhardt and Stoffler,819B'Keefe and Ahrens, 1977). Also, the
amount of heat produced and the resulting amounedf vary roughly as a function of impact
energy or crater diameter (O'Keefe and Ahrens, 1984 impact angles decrease (referenced to
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the horizontal), peak shock pressures also decr@a@aelt and Wedekind 1978; Schultz and
Anderson, 1996). Using the planar impact approxmadeveloped by Colingt al, (2002) and
considering a 25to 3(® impact angle, an assumed 25 knm/s colision atSbea da Cangalha
region would result in a peak shock pressure ofaqppately 47 GPa generated by the passage
of the shock wave at the impact contact zone. Hak shock pressure obtained by the model is
well below the levels necessary for meltife thus envisage low volume of melt developments
in the Serra da Cangalha region.

Pierazzo and Melosh (2000) found that the volumd@npact melt decreases by at most 20% for
impacts from 90° down to 45°. Below 45°, the amoohtmelt in the target decreases rapidly
with impact angle. The low impact angle obtainedhmialso account for the low volume of
melts that occurred in this region. The resulthef most probable impact angle of 25° to 30° here
deduced for the Serra da Cangalha region in neldtio the extremely small volume of melt
reported by CPRM (1972) leads to the obtained in@&agle. This result is consistent with the
suggestions of Pierazzo and Melosh (2000) thatva reelt volume is expected for such an
obliqgue angle impact. Kiefler and Simonds (19809 &rieve and Cintala (199Z%howed that
the volume of melts found in craters impacting mediary targets is about two orders of
magnitude less than for crystaline targets. Thes Ibeen attributed to the formation and
expansion of large quantities of sediment-deriveD land CQ that resulted in wide dispersion
of the shock melted sedimentary rocks (Kieffer &mhonds, 1980). Manson and Lockne impact
structures formed in environment simiar to th&tSerra da Cangalha show no defned melt
sheets. Koeberl andnderson (1996) and Sturkell and Ormo (1998) sugdethat the very low
melt volume found in this region is probably duethe occurrence there of the thick sedimentary
sequence. Another reason can explain the low volmels found in the study area. Situated
within the Parnaiba Basin of northeast Brazi isealimentary sequence up to 3 km thick (Gées
and Fei6, 1994; Melet al. 1998). Such a thick sedimentary sequence at thacirsite might
have contributed to dispersal of the impact medtrtih after impact.

Conclusions

The results obtained from the geodynamic modelihghe Serra da Cangalha impact region
show several facts. The first is that a smal mi#&edaving a diameter of approximately 535 m
and traveling at an impact velocity of 25 km/sesn aelease large quantity of energy that is
capable of causing substantial damage to the emdnat on impacting the ground. Secondly,
the Pi-scaling of Holsapple and Schmidt (1982)ceugis 30 as the most favourable angle at
which a 13 km final impact crater having a typi&érra da Cangalha scenario could have
formed. Moreover, the impact energy (1.8 X MT equivalents of TNT or 7.53 x %9 erg)
released is well below the nominal threshold foglabal disaster estimated to be 3 » MT or
8.4 x 137 erg (Toonet al, 1994). However, it is within the range that Meon et al. (1994)
described as subglobal disasters. More importatiigse results are useful in quantitatively
understanding impact cratering. They also providebedter qualtative understanding of the
processes involved. For Serra da Cangha on a diear maximum burn area,s,Awould have
been 135,000 kf(or 1.35 x 10 hectares), and maximum burn radius, 21 km. The economic
loss resulting from the impact would have been $5ilion if such an impact had happened in
recent times while the fatalty would have been ,8B8 people. From the obtained energy of
impact equivalent (1.8 x fOMegatons of TNT), it is obvious that tlgiobal atmospheric effects
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of Serra da Cangalha impact could not have beemahinNumerical simulatons shown in
Melosh (1989) suggest that 150 MT is the threslimidthe atmospheric blowout phenomenon.
The results of our environmental geophysical impessessment studies of the Serra da Cangalha
impact, suggest that the event had a devastatiegt @ the local ecosystem and its biota.
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