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ABSTRACT: This paper overviews the multiple lines of evidence that collectively suggest a 
Tunguska-like, cosmic airburst event that obliterated civilization—including the Middle Bronze 
Age (MBA) city-state anchored by Tall el-Hammam—in the Middle Ghor (the 25 km diameter 
circular plain immediately north of the Dead Sea) ca. 1700 BCE, or 3700 years before present 
(3.7kaBP). Analyses of samples taken over thirteen seasons of the Tall el-Hammam Excavation 
Project (TeHEP) have been and are being performed by a team of scientists from New Mexico 
Tech, Northern Arizona University, North Carolina State University, Elizabeth City (NC) State 
University, DePaul University, Trinity Southwest University, the Comet Research Group, and 
Los Alamos National Laboratories, with remarkable results. Commensurate with these results are 
the archaeological data collected from across the entire occupational footprint (36ha) of Tall el-
Hammam, demonstrating a directionality pattern for the high-heat, explosive 3.7kaBP Middle 
Ghor Event that, in an instant, devastated approximately 500km2 immediately north of the Dead 
Sea, not only wiping out 100% of the MBA cities and towns, but also stripping agricultural soils 
from once-fertile fields and covering the eastern Middle Ghor with a super-heated brine of Dead 
Sea anhydride salts pushed over the landscape by the Event’s frontal shockwaves. Based upon 
the archaeological evidence, it took at least 600 years to recover sufficiently from the soil 
destruction and contamination before civilization could again become established in the eastern 
Middle Ghor. 
HISTORICAL BACKGROUND: “Ghor” is the Arabic term for that portion of the Great Rift 
Valley between and including the Sea of Galilee/Tiberias in the north and the Dead Sea in the 
south. The Ghor is divided into three sections: Upper Ghor, consisting of the Sea of Galilee and 
the first 40 km of narrow (4-10 km) gorge through which the Jordan River flows; Middle Ghor, 
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the 25 km diameter circular plain immediately north of the Dead Sea with the Jordan River 
flowing through the middle from north-to-south; and Lower Ghor, the Dead Sea basin itself. 
Initially thought by early archaeologists of the Ancient Near East (ANE) from the 18th to the 
early 20th Centuries to have been originally inhabited during the Iron Age (ca. 1200 BCE), 
archaeological reports (mid-20th Century to the present)1 and extensive area surveys (latter part 
of the 20th Century)2 have shown the Middle Ghor to have been continuously occupied from at 
least the late Neolithic Period (ca. 4600 BCE) through the Middle Bronze Age (MBA; 
specifically, MB2, ca. 1700 BCE). All reports and surveys show that there was an occupational 
hiatus on the eastern half of the Middle Ghor that lasted 600-700 years (the entire Late Bronze 
Period). Resettlement began ca. 1100 BCE (Iron Age I) at Nimrin and ca. 1000 BCE (Iron Age 
II) at Hammam. 
Two preliminary conclusions can be drawn from the survey of the documented occupational 
history of the Middle Ghor: 

1. A significant civilization flourished on the eastern Middle Ghor continuously for over 
2,500 years with Tall el-Hammam as its cultural center. 

2. This civilization, including Tall el-Hammam, came to an abrupt termination toward the 
end of the Middle Bronze Age, ca. 1700 BCE, and the area remained unoccupied for the 
next seven centuries. 

These conclusions raise a big question: What happened to cause this sudden termination of a 
thriving civilization and the ensuing occupational hiatus? 
PHYSICAL EVIDENCE: The physical evidence of the MBA destruction event (the “Event”) 
that we have gathered through thirteen seasons of the Tall el-Hammam Excavation Project 
(TeHEP) is of four types: directional, concussive, chemical, and thermal. The directional and 
concussive evidence are totally related as are the directional and chemical evidence. This will 
become obvious as we proceed. 
Directional Evidence: Our inquiry into the physical evidence of the Event began at Tall el-
Hammam (see Figure 1) with a growing awareness of directionality associated with the MBA 
destruction. Within sealed MBA contexts, only field stone foundations of buildings remain 
within the excavated areas of the comparatively broad and flat Lower Tall. Virtually all of the 
mudbrick superstructures are missing except for pockets containing a mixed matrix of mudbrick 
fragments, carbonized wood, ash, and decomposed mudbrick. Very few sections of tumbled wall 
have been found, and all of them were found lying to the northeast of the foundation from which 
they fell. Some lower portions of the monumental palace walls on the Upper Tall remain, but 
everything that projected above the massive rampart walls is missing, presumably sheared off by 
the Event.  
Deterioration of the rampart wall also seems to be greater on the southern side of the Upper Tall 
than on the northern side. This difference cannot be associated solely with water erosion and is 
therefore presumed to be another directional consequence of the Event.  

                                                 
1  Kenyon at Jericho (1957), Prag at Iktanu (1988-91), Flannigan at Nimrin (1990-94), Papadopoulos at Kefrein 

(2007-11), and Collins at Hammam (2005-present). 
2  Most notably Yassine’s survey from 1975-76 in which he documented over 120 settlement areas from the large 

urban center of Hammam and its immediate satellite communities to small villages and seasonal encampments. 
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Figure 1 - Tall el-Hammam (Summer 2011) 

Concussive and chemical evidence, which are discussed in more detail below, also helped lead 
us to conclude that directionality was a feature of the Event, specifically, that the extreme 
concussive force of the event originated southwest of Tall el-Hammam traveled in a 
northeasterly direction from its point of origin. 
Concussive Evidence: The complete absence of standing mudbrick architecture on the Lower 
Tall and the near total absence of mudbrick architecture on the Upper Tall except for a few 
courses of thick (120+ cm) palace walls suggest that a violent concussive force—a blast—ripped 
apart the mudbrick superstructures and blew them off their foundations.  
Also noteworthy is the dearth of whole pottery vessels at Tall el-Hammam. During thirteen 
seasons of excavation, we have recovered an average of about 10,000 pieces of broken pottery 
each year. During the first eight seasons, however, we recovered only 82 whole or nearly whole 
vessels. We nearly tripled that number in Season 9 when we found a cache of vessels protected 
by the thick walls of a palace(?) storage room. Only a small number of whole vessels have been 
added to the collection since then. We also find very few occurrences of vessels “broken in 
place” where the majority of the vessel’s pieces are easily recoverable. Pottery sherds at Tall el-
Hammam are almost always contained within a mixed matrix of sherds from other vessels, ash, 
mudbrick fragments, and chunks of carbonized wood. All of this churning of destruction debris 
adds to our conclusion that the Event was highly destructive in the concussive force that it 
delivered. 
Within every architecturally defined space, the debris field of pottery fragments, grain, 
fragmented mudbrick, and chunks of charcoal was consistently scattered in a northeasterly 
direction. 
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Chemical Evidence: From almost the beginning of the Tall el-Hammam Excavation Project 
(TeHEP) in 2005, we observed a significant salt “haze” on the surface of the ground of the 
Lower Tall. This became even more apparent in 2009 as we began excavating on the Lower Tall. 
What looked like clean brown dirt at the end on one day’s excavation developed an obvious 
white salt haze overnight as the nighttime humidity leached salt to the surface. In 2014 we took 
soil samples above, through, and below the Lower Tall ash layer from the MBA destruction and 
had it analyzed at a laboratory in Canada. The test results showed a salt + sulphate content of 6% 
on the ash layer which tapered off quickly above and below the ash layer (see Figure 2). The 
chemical composition of the salts and sulphates was also noted to be virtually identical to the 
chemical composition of Dead Sea water. Since we have never observed an obvious salt haze on 
the Upper Tall, we concluded that only the Lower Tall seems to have been inundated with a 
wash of water, pushed by the Event in a northeasterly direction from the Dead Sea. 
 

 
Figure 2 - Salt Content from MB2 Destruction Layer 

Thermal Evidence: Mixed within the thousands of pottery sherds that we have recovered at Tall 
el-Hammam is a very small and unique collection of partially melted (“vitrified”) sherds (see 
Figure 3), all of which have been recovered from sealed MB2 contexts on both the Upper and 
Lower Talls. Each of these sherds has been exposed to an extremely high-temperature, short-
duration thermal profile. Using Scanning Electron Microscopy (SEM) to image the detail of 
selected sherds, we have identified specific melted zircon crystals that have melting temperatures 
of 2,200°C which is higher than the melting temperature of the clay (about 1,700°C) that 
formed the glass. The most recent SEM examination (using a more powerful device than 
before) identified vesicles within the melted zircon crystal that indicate boiling of the 
melted material at 4,000°C.  
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Figure 3 - Vitrified Pottery Sherds 

Legend: (1) Top 1 mm of 5 mm thick sherd is melted to glass. (2) Much deeper melt, but not through and 
through. (3) Expanded clay matrix caused by moisture trapped in the clay. (4) Partial melt all around, 

possibly from being tumbled in the air. (5) Expanded matrix, nearly a through-and-through melt. 
 

The materials scientists on our analysis team concluded that the sherd shown in Figure 4 (which 
is the cut edge of #1 shown in Figure 3) was exposed to an extremely high temperature profile 
that lasted for a very short duration. This conclusion is based upon the following: 

1. The average thickness of the sherd is 5 mm. 
2. Only the top 1 mm of the clay (which contains the melted zircons) melted to glass. 
3. The next 2 mm of clay are darkened by the thermal exposure. 
4. The bottom 2 mm of clay are the natural color. 
5. Most important: The whole sherd did not melt into a glob of glass! 

It is not possible at this time to quantify the actual temperature to which the sherd was exposed, 
but it had to be hot enough to penetrate the sherd’s surface and boil the zircons, yet of a short 
enough duration to avoid a complete meltdown. Clearly, this is not a temperature/exposure 
profile that was within the capability of MBA people! 
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Figure 4 - Thermal Impact on Pottery Sherd 

Another very interesting item was found in 2010 near Tall Mweis, about 8.5 km SW of Tall el-
Hammam—a 672 g mass of partially melted and fused grains of quartz and sandstone that is 
almost entirely coated with a glass veneer (see Figure 5). SEM analysis of the “melt rock” glass 
revealed the inclusion of melted zircons, as was also found in the vitrified pottery sherds. The 
vesicles within the melted zircons of the melt rock were much larger than those in the vitrified 
pottery sherds, however, and this—combined with the much larger mass of the melt rock—led 
the materials scientists to conclude that the material of the melt rock was exposed to a similar 
temperature profile but for a longer duration. Although the melt rock was a “surface find”, it 
was found in a verified MBA site, and its composition and structure strongly suggest that it was 
created during the Event. 
 

 
Figure 5 - Melt Rock from Tall Mweis 
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EVIDENCE ANALYSIS: The physical evidence gathered from Tall el-Hammam and her 
neighboring sites for the MBA terminal Event exhibit signs of a highly destructive concussive 
and thermal Event with exceedingly high temperatures and very short exposure durations. From 
the matching occupation profiles across the Middle Ghor, it is also clear that this was a regional 
Event and not an isolated, single-site demise. 
The observed temperature/duration profile of the Event is not within MBA anthropogenic 
capability. The regional scope of the civilization collapse caused by the Event also exceeds the 
capability of every MBA military force, so conquest is not a viable cause. 
The “big question” raised above in the historical background must now be modified: What 
happened to cause this sudden termination of a thriving civilization and occupational hiatus and 
produce the observed physical evidence? 
PROPOSED SOURCE: There is only one naturally occurring source of energy that is capable 
of producing the concussive force and thermal profile observed in the material evidence from 
Tall el-Hammam and its neighbors, namely, a Tunguska-class meteoritic airburst. The June 30, 
1908 Tunguska Event blew down over 80 million trees in 2,200 km2 of Siberian forest and laid 
the trees out radially from “ground zero” of the airburst. The yield of the blast is estimated at 20 
megatons of TNT with a burst altitude of 10 km. A similar but smaller airburst Event occurred 
over Chelyabinsk, Russia, on February 15, 2013 (see Figure 6). That airburst had an estimated 
yield of 500 kilotons of TNT with a burst altitude of 12 km.  
 

 
Figure 6 - Chelyabinsk Airburst 

The soil contamination by Dead Sea salts as well as the directionality indicators observed at Tall 
el-Hammam suggest that the north end of the Dead Sea was ground zero for the 3.7kaBP Event. 
The size and altitude of the Tunguska airburst is a reasonable analog for the proposed airburst at 
Tall el Hammam. Although it is impossible at this time to estimate impactor size, density, 
trajectory, burst altitude and yield, the size of their damage footprints and magnitude of the 
resultant destructions are comparable. It should also be noted that all of the damage from the 
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3.7kaBP Event was apparently contained by the surrounding walls of the Middle Ghor. 
Archaeological evidence gathered from the Jordanian Plateau to the east and the Judean 
Highlands to the west shows no interruption of occupation associated with the Event. 
Typical markers (“proxies”) of an airburst Event include: 

• High levels of elemental platinum, typically 600% above normal background levels.  
• A high platinum-palladium ratio with traces of iridium and osmium. 

(These noble elements occur in some meteorites (asteroids) with nickel but are much 
rarer in terrestrial primary crust rocks.) 

• A high incidence of scoria-like objects (SLOs), frequently in pelletized, spherule forms 
(see Figure 8) or agglomerations of melted materials (see Figure 6, above). 

• A high incidence of magnetic spherules. 
(Both of the above are produced from the impactor as well as the target.) 

 
Figure 2 – Iron-enriched Magnetic Spherule found at Tall el-Hammam 

Preliminary analyses of materials from and around Tall el-Hammam have revealed some of these 
proxies, but not at compelling levels. Tall el-Hammam is still an active excavation project, and 
the research is ongoing with the hope that clarification of the Event cause will be achieved. 
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CONCLUSION: Our team originally discovered a directionality in the pattern of destruction at 
Tall el-Hammam which motivated a sensitivity to the material evidence that we were finding. A 
few serendipitous discoveries of what turned out to be partially melted pottery sherds and local 
rocks caused us to collect and send off samples for analysis. These samples turned out to be 
consistent with an impact origin and not with Middle Bronze Age anthropogenic activity. 
Subsequent analysis continues to support a high-temperature Event best attributed to a meteoritic 
airburst similar to Tunguska based upon the proxies uncovered to date. Research continues with 
the objective of finding evidence to more convincingly confirm the impact narrative. This is a 
work in progress. 
 

REFERENCES: 
Aharoni, Y. 

1979 The Land of the Bible: A Historical Geography. Philadelphia: Westminster Press. 
Albright, W. F. 

1924 “The Archaeological Results of an Expedition to Moab and the Dead Sea.” BASOR 
14: 2-12. 

1925 “The Jordan Valley in the Bronze Age.” AASOR VI (1924-25): 13-74. 
1961 The Archaeology of Palestine. London: Penguin. 

Bunch, T. E., R. E. Hermes, A. M. T. Moore, D. J. Kennett, J. C. Weaver, J. H. Wittke, P. S. 
DeCarli, J. L. Bischoff, G. C. Hillman, G. A. Howard, D. R. Kimbel, G. Kleteschka, C. P. 
Lipo, S. Sakai, Z. Revay, A. West, R. B. Firestone, and J. P. Kennett 

2012 “Very high-temperature impact melt products as evidence for cosmic airbursts and 
impacts 12,900 years ago.” PNAS, Early Edition. 

Collins, G. S., H. J. Melosh, and R. A. Marcus 
2005 “Earth Impact Effects Program: A Web-based computer program for calculating the 

regional environmental consequences of a meteoroid impact on Earth.” Meteoritical 
& Planetary Science, 40, No. 6, 817-840. 

Collins, S., K. Hamdan, A. Abu-Dayyeh, A. Abu-Shmais, G. A. Byers, K. Hamdan, H. Aljarrah, 
J. Haroun, M. C. Luddeni, and S. McAllister 

2008 “The Tall el-Hammam Excavation Project, Season Activity Report, Season Three: 
2008 Excavation, Exploration, and Survey.” Filed with the Department of Antiquities 
of Jordan, 13 February 2009. 

Collins, S., K. Hamdan, G. A. Byers, J. Haroun, H. Aljarrah, M. C. Luddeni, S. McAllister, Q. 
Dasouqi, A. Abu-Shmais, and D. Graves 

2009a “The Tall el-Hammam Excavation Project, Season Activity Report, Season Four: 
2009 Excavation, Exploration, and Survey.” Filed with the Department of Antiquities 
of Jordan, 27 February 2009. 

2009b “Tall al-Ḥammām: Preliminary Report on Four Seasons of Excavation (2006-2009)” 
ADAJ 53: 385-414. 



10 
 

Collins, S., K. Hamdan, G. A. Byers, J. Haroun, H. Aljarrah, M. C. Luddeni, S. McAllister, A. 
Abu-Shmais, and Q. Dasouqi 

2010 “The Tall el-Hammam Excavation Project, Season Activity Report, Season Five: 
2010 Excavation, Exploration, and Survey.” Filed with the Department of Antiquities 
of Jordan, 31 January 2010. 

Collins, S. and H. Aljarrah 
2011 “Tall el-Hammam Season Six, 2011: Excavation, Survey, Interpretations and 

Insights.” Filed with the Department of Antiquities of Jordan, 2011. 
Collins, S., Y. Eylayyan, G. Byers, and C. Kobs 

2012 “Tall el-Hammam Season Seven, 2012: Excavation, Survey, Interpretations and 
Insights.” Filed with the Department of Antiquities of Jordan, 2012. 

Collins, S., K. Tarawneh, G. Byers, and C. Kobs 
2013 “Tall el-Hammam Season Eight, 2013: Excavation, Survey, Interpretations and 

Insights.” Filed with the Department of Antiquities of Jordan, 2013. 
Collins, S., G. A. Byers, C. M. Kobs, and P. Silvia 

2014 “Tall el-Hammam Season Nine, 2014: Excavation, Survey, Interpretations and 
Insights.” Filed with the Department of Antiquities of Jordan, 2014. 

Collins, S., C. M. Kobs, and M. C. Luddeni 
2015 The Tall al-Hammam Excavations: Volume One—An Introduction to Tall al-

Hammam with Seven Seasons (2005-2011) of Ceramics and Eight Seasons (2005-
2012) of Artifacts. Winona Lake, IN: Eisenbrauns. 

Conder, C. R. 
1889 The Survey of Eastern Palestine, Vol I. The Committee of the Palestine Exploration 

Fund. 
Eby, N., Hermes, R., Charnley, N., Smoliga, J. A. 

2010 “Trinitite—the atomic rock”. Geology Today, Vol. 26, No. 5. Blackwell Publishing, 
The Geologists’ Association & The Geological Society of London. 

Fel’dman, V. I., L. V. Sazonova, and E. A. Kozlov 
2006 “Some Peculiarities of Impact Melts (Natural and Experimantal Data)”. Lunar and 

Planetary Science, Vol. 37. Department of Petrology, Moscow State University, 
Moscow, Russia. 

Firestone, R., A. West, and S. Warwick-Smith 
2006 The Cycle of Cosmic Catastrophies: How a Stone-Age Comet Changed the Course of 

World Culture. Rochester, VT: Bear & Company. 
Firestone, R. B., A. West, J. P. Kennett, L. Becker, T. E. Bunch, Z. S. Revay, P. H. Schultz, T. 

Belgya, D. J. Kennett, J. M. Erlandson, O. J. Dickenson, A. C. Goodyear, R. S. Harris, G. 
A. Howard,J. B. Kloosterman, P. Lechler, P. A. Mayewski, J. Montgomery, R. Poreda, T. 
Darrah, S. S. Que Hee, A. R. Smith. A. Stich, W. Topping, J. H. Wittke, and W. S. 
Wolbach 



11 
 

2007 “Evidence for an extraterrestrial impact 12,900 years ago that contributed to the 
megafaunal extinctions and the Younger Dryas cooling.” PNAS, Vol. 104, No. 41, 
16016-16021. 

Flanagan, J. W., D. W. McCreery, and K. N. Yassine 
1990 “First Preliminary report of the 1989 Tell Nimrin Project.” ADAJ 34: 131-152. 
1992 “Preliminary Report of the 1990 Excavation at Tell Nimrin.” ADAJ 36: 89-112. 
1994a “Tell Nimrin: Preliminary Report of the 1993 Season.” ADAJ 36: 205-227. 
1994b “Tell Nimrin: The Byzantine Gold Hoard from the 1993 Season.” ADAJ 38: 245-265. 
1996 “Tall Nimrin: Preliminary Report on the 1995 Excavation and Geological Survey.” 

ADAJ 40: 271-292. 
Gladstone, S., ed. 

1957 The Effects of Nuclear Weapons. U.S. Atomic Energy Commission. 
Glueck, N. 

1934 “Explorations in Eastern Palestine, I.” AASOR XIV for 1933-1934: 1-114. 
1935 “Explorations in Eastern Palestine, II.” AASOR XV for 1934-1935. 
1939 “Explorations in Eastern Palestine, III.” AASOR XVIII-XIX for 1937-1939. 
1951 “Explorations in Eastern Palestine, IV.” AASOR XXV-XXVII for 1945-1949. 

Hennessy, J. B. 
1969 “Preliminary Report on the First Season of Excavations at Teleilat Ghassul.” 

LEVANT 1: 1-24. 
1982 “Teleilat Ghassul: Its Place in the Archaeology of Jordan.” SHAJ I: 55-58. 

Ibrahim, M. A., J. A. Sauer, and K. Yassine 
1976 “The East Jordan Valley Survey, 1975.” BASOR 222: 41-66. 

Kenyon, K. M. 
1957 Digging Up Jericho: The Results of the Jericho Excavations 1952-1956. New York: 

Frederick A. Praeger. 
Kridec, E. L. 

1966 Giant Meteorites. Oxford: Pergamon Press. 
Khouri, R. G. 

1988 The Antiquities of the Jordan Rift Valley. Amman: Al Kutba. 
Kirkwood, D. 

1879 “On Meteoric Fireballs Seen in the United States during the Year Ending March 31, 
1879.” Proceedings of the American Philosophical Society, Vol. 18, No. 103 (Jan-
Jun, 1879), 239-247. 

Kuntz, G. F., J. Torrey, and E. H. Barbour 
1890 “The Winnebago County (Iowa) Meteorites.” Science, Vol. 15, No 380 (May 16, 

1890), 305-305. 



12 
 

Lewis, J. S. 
1999 Comet and Asteroid Impact Hazards on a Populated Earth: Computer Modeling. San 

Diego: Academic Press. 
Longo, G. 

2007 “Chapter 18. The Tunguska Event” in Comet/Asteroid Impacts and Human Society: 
An Interdisciplinary Approach. P. Bobrowsky and H. Rickman, eds. Springer. 

Mallon, A. (J. R. Duncan, trans.) 
1932 “The Five Cities of the Plain.” PEFQ JAN: 52-56. 
1933 “Duex Fortresses au Pied des Monts de Moab.” Biblica 14, 400-407. 

Mallon, A., R. Koeppel, and R. Neuville 
1934 Teleilat Ghassul I. Rome. 

Miller, A. M. 
1919 “The Cumberland Falls Meteorite.” Science, New Series, Vol. 49, No. 1275 (Jun. 6, 

1919), 541-542. 
Montgomery, D. R. 

2007 Dirt: The Erosion of Civilizations. Berkeley: University of California Press. 
Nininger, H. H. 

1928 “Another Kansas Meteorite.” Transactions of the Kansas Academy of Science, Vol. 
31 (Feb 17, 1922 - Apr 14, 1928), 91-94. 

Papadopoulos, T. J. 
2007 “The Hellenic Archaeology Project of the University of Ioannina in Jordan: A 

Preliminary Synthesis of the Excavation Results at Ghawr aṣ-Ṣāfī and Tall al-Kafrayn 
(2000-2004).” SHAJ IX: 175-191. 

2010 “Preliminary Report of the Seasons 2005-2008 of Excavations by the University of 
Ioannina at Tall al-Kafrayn in the Jordan Valley.” ADAJ 54: 283-310. 

2011 “Tall al-Kafrayn: The University of Ioannina Hellenistic-Jordan Expedition, 
Preliminary Report on the Ninth Excavation Season (2009).” ADAJ 55: 131-146. 

Petaev, M. I., S. Huang, S. V. Jacobsen, and A. Zindler 
2013 “Large Pt anomaly in the Greenland ice core points to a cataclysm at the onset of 

Younger Dryas.” PNAS, Vol. 110, No. 32, 12917-12920. 
Prag, K. 

1988 “Kilns of the Intermediate Early Bronze-Middle Bronze Age at Tell Iktanu 
Preliminary Report, 1987 Season.” ADAJ 32: 59-72. 

1989 “Preliminary Report on the Excavations at Tell Iktanu, Jordan, 1987.” LEVANT 21: 
33-45. 

1990 “Preliminary Report on the Excavations at Tell Iktanu, Jordan, 1989.” ADAJ 34: 119-
130. 

1991 “Preliminary Report on the Excavations at Tell Iktanu and Tell al-Hammam, Jordan, 
1990.” LEVANT 23: 55-66. 



13 
 

Rast, W. E. and R. T. Schuab 
1980 “Preliminary Report of the 1979 Expedition to the Dead Sea Plain, Jordan.” BASOR 

240: 21-61. 
Salameh, E., H. Khouri, and W. U. Reimold 

2013 “Drilling the Waqf as Suwwan impact structure.” (unpublished; accepted for 
publication by Springer, 2013). 

Salameh, E., H. Khouri, W. U. Reimold, and W. Schneider 
2008 “The first large meteorite impact structure discovered in the Middle East: Jabel Waqf 

as Suwwan, Jordan.”Meteoritics and Planetary Science 43. No. 10, 1681-1690 
(2008). 

Short, T. 
1741 “An Account of Several Meteors.” Philosophical Transactions (1683-1775), Vol. 41 

(1739-1741), pp. 625-630). 
USDA 

2011 “Crop Toleration and Yield Potential of Selected Crops as Influenced by Irrigation 
Water Salinization (ECw) or Soil Salinity (ECe).” USDA Natural Resources 
Conservation Services, Technical Note, June 2011. 

Von Haidinger, W. R. 
1868 “On the Phenomena of Light, Heat, and Sound accompanying the fall of Meteorites.” 

Proceedings of the Royal Society of London, Vol. 17 (1868-1869), 155-160. 
Waheeb, M. 

1997 “Report on the Excavations at Wādī al-Kufrayn Southern Ghors (al-Aghwār).” ADAJ 
41: 463-468. 

Winthrop, J. 
1762 “An Account of a Meteor Seen in New England.” Philosophical Transactions (1761-

1762), Vol. 52 (1761-1762), 6-16. 
Yassine, K. (ed.) 

2011 Tell Nimrin: An Archaeological Exploration. Jordan: University of Jordan. 
Yassine, K., J. A. Sauer, and M. M. Ibrahim 

1988 “The East Jordan Valley Survey, 1976 (Part Two)”, in Archaeology of Jordan: Essays 
and Reports, Khair Yassine, ed. Amman: University of Jordan, 189-207. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


